HEAT-RESISTANT REFLECTING LAYER, LAN I NATE FORMED OF THE 
REFLECTING LAYER, AND LIQUID CRYSTAL DISPLAY DEVICE HAVING 
THE REFLECTING LAYER OR THE LAMINATE 

BACKGROUND OF THE INVENTION 

The present invention relates to a highly heat- 
resistant reflecting layer, which is used for producing a 
reflector or a reflective wiring electrode of a liquid 
crystal display device, a reflecting layer for building 
glass, a laminate, or a liquid crystal display device. 
More particularly, the present invention relates to an Ag- 
alloy reflecting layer that has a high reflection index, a 
laminate formed by the reflecting layer, and a liquid 
crystal display device having the reflecting layer or the 
laminate . 

Various materials are used for reflecting layers 
including a reflecting layer for producing a reflector or 
a reflecting firing electrode of a liquid crystal display 
device and a reflecting layer for building glass that 
reflects infrared rays and heat rays. In addition, 
laminates of the reflecting layers are developed to 
increase the reflection index and to improve the 
functionality of the products. The products of the 
reflecting layers, which have improved characteristics, 
have been used in various fields and for various 
applications . 

Typical materials for the reflecting layers are Al, 
an Al alloy that includes Al as its main component, Ag, an 
Ag alloy that includes Ag as its main component (such as 
Ag-Pd) , and an Au alloy. The reflecting layers formed of 
such materials have high reflection index in the optical 
wavelength regions from 400 to 4000 nm, which include both 



visible and infrared regions. 



Al has high reflection index and is very inexpensive 
and useful* Al and an Al alloy are usually used for the 
reflector and the reflective wiring electrode of 
reflection-type liquid crystal display devices. Such 
liquid crystal display devices are used for portable 
terminal devices such as cellular phones. When an Al alloy 
is used, problems associated with pure Al such as 
irregularities in the layer, which are called hillocks, 
and deterioration of the face of the reflector and the 
reflective wiring electrode can be overcome. When the 
reflection index of the reflector and the reflective 
wiring electrode is high, the electric power sent to the 
light source is reduced and the illuminance of the liquid 
crystal display device increases by about 20 %. 

Ag has the highest reflection index among many metal 
elements in the optical wavelength regions from 400 to 
4000 nm. Therefore, Ag has good characteristics for a 
reflecting layer . 

Among visible rays, infrared rays, and ultraviolet 
rays that are emitted from the sun, Al, Al alloy, Ag, and 
Ag alloy transmit the visible rays and reflect the 
infrared rays and heat rays. The visible rays have direct 
relation with lighting. The reflection of the infrared 
rays and the heat rays is effective to prevent the outside 
rays from coming into a room. Therefore, the above 
materials are used for building glass such as windowpanes. 

However, conventional reflecting layers formed of Al, 
Al alloy, Ag, Ag alloy including Ag-Pd, Au, Au alloy, and 
reflectors, reflective wiring electrodes, and building 
glass that are formed of the reflecting layers have the 



following problems. 



Al and an Al alloy are chemically unstable. A liquid 
resist, which is made of organic material, is applied to 
the Al layer or the Al alloy layer, and a pattern is 
formed on the layer. When the patterned layer is washed 
with an alkali solution to remove the resist, the surface 
of the layer may become rough and lowering of the 
reflection index or scattering of the light on the surface 
may occur. In addition, Al may react with gas generated 
from a resin substrate when used with a resin substrate 
such as PMMA (polymethyl methacrylate) and silicone. Al 
can be used only with substrates that generate little gas 
and thus limits materials available for the substrates. 
There is a problem of chemical stability in Al-containing 
reflecting layers and resin substrates when they contact 
each other in use. 

Al and Al alloy have greater optical absorptivity 
than Ag and A# alloy. Therefore, semi-transmissive 
reflecting layer formed of Al and Al alloy suffers optical 
loss . 

Al, an Al alloy, Ag, and an Ag alloy have poor heat 
resistance. Diffusion of atoms is likely to occur on the 
surface of a reflecting layer formed of such materials in 
given temperatures. Particularly, Ag has high self- 
diffusion energy for heat and it changes over time when 
heat is applied. When heat causes the temperature of the 
reflecting layer to rise to about 100 °C, even if 
temporarily, diffusion of atoms will occur on the surface 
of the layer and the layer will lose luster and become 
dull. In other words, Ag' s characteristic feature of high 
reflection index is impaired. Therefore, it is necessary 
to limit the temperature during the manufacturing process 



of a reflector for a liquid crystal display device when it 
is formed of Al or Ag. Further, an Al or Ag reflecting 
layer for building glass is thermally instable and 
chemically varies (e.g. changes in color) when exposed the 
warm air in summer. 

Al, Al alloy, Ag, and Ag alloy vary greatly over time 
with heat so that such materials cannot be exposed 
directly to air. Therefore, to ensure material stability 
of the reflecting layer, a heat-resistant protective layer 
such as Zn0 2 or a Zn0 2 -Al 2 0 3 composite oxide is generally 
needed. 

The reflecting layers formed of Al, Al alloy, Ag, 
and an alloy have very poor adhesion toward some 
substrates. In such combinations, the reflecting layer 
separates from the substrate immediately after it is 
deposited or after it is left on the substrate for a long 
time. To improve adhesion between the reflecting layer and 
the substrate, various base films must be positioned 
between them. 

The reflection index of Ag or Ag alloy is the highest 
in visible regions, i.e., the optical wavelength regions 
from 400 to 800 nm. However, in the wavelength regions 
below 450 nm, the absorptivity and absorption coefficient 
of Ag increase and the intensity of yellow reflected light 
is increased. Accordingly, a liquid crystal display device 
formed by a Ag-containing reflecting layer and a portable 
terminal device including the liquid crystal display 
device have a poor appearance and become yellow over time. 

Further, Ag is not superior in weather resistance. 
When left in the air, Ag absorbs moisture (especially 
water) in the air and turns yellow. Long after an Ag- 



containing reflecting layer is formed on the glass 
substrate or the resin substrate, Ag's characteristic 
feature of high reflection index is impared. 

An Ag-Pd alloy including Ag and 1-3 wt% Pd, an Ag-Au 
alloy including Ag and 1-10 wt% Au, and an Ag-Ru alloy 
including Ag and 1-10 wt% Ru are well known as binary Ag 
alloys that have high corrosion resistance and high heat 
resistance. However, black stains are observed even in the 
alloy layers formed of these Ag alloys when a weatherproof 
test is conducted under high temperature and high humidity 
conditions. It is comfirmed under an optical microscope 
that the black stains are portions that turned black and 
were caused to protrude after Pd reached a limitation of 
solid solution with respect to H 2 dissolution. When used 
as building glass, the above binary alloy lacks long-term 
stability in humid regions or when exposed to condensation 
droplets . 

Ag-Au a^loy is well known as a stable alloy in which 
Ag and Au are perfectly mixed in solid states. The 
resistance of the Ag-Au alloy to halogen elements such as 
chlorine is not excellent. The Ag-Au alloy binds to 
chlorine or iodine in the air, which is introduced during 
the test, at atomic level, and produces the black stains. 

Aside from Al and Ag, Au is also known for its high 
reflection index. However, Au is very expensive and 
impractical to use for the reflector of a liquid crystal 
display device or the reflecting layer for building glass. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a 
reflecting layer that maintains a high optical reflection 



index, which is characteristic of Ag, and has improved 
material stability including heat resistance and weather 
resistance . 

It is another object of the present invention to 
provide a laminate including a coating layer that allows 
the laminate to maintain the high optical reflection index 
of an Ag-containing reflecting layer and to have lower 
absorptivity at short wavelengths. 

It is yet another object of the present invention to 
provide a laminate including a base film that enhances 
adhesion between an Ag-containing reflecting layer and a 
substrate . 

It is a further object of the present invention to 
provide a liquid crystal display device having the 
reflective layer or the laminate described above. 

A reflecting layer of the present invention 
comprises Ag as a main component, a 0.1-3.0 wt% first 
element selected from the group consisting of Au, Pd, and 
Ru, and a 0.1-3.0 wt% second element selected from the 
group consisting of Cu, Ti, Cr, Ta, Mo, Ni, Al, Nb, Au, Pd, 
and Ru. The second element is different from the first 
element . 

One laminate comprises a substrate and a reflecting 
layer deposited on the substrate. The reflecting layer 
includes Ag as a main component, a 0.1-3.0 wt% first 
element selected from the group consisting of Au, Pd, and 
Ru, and a 0.1-3.0 wt% second element selected from the 
group consisting of Cu, Ti, Cr, Ta, Mo, Ni, Al, Nb, Au, Pd, 
and Ru. The second element is different from the first 
element . 



Another laminate comprises a substrate, a base film 
deposited on the substrate, and an Ag-containing 
reflecting layer deposited on the base film. The base film 
is made of at least one of Si, Ta, Ti, Mo, Cr, Al, ITO, 
Zn0 2 , Si0 2 , Ti0 2 , Ta 2 0 5 , Zr0 2 , ln 2 0 3 , Sn0 2 , Nb 2 0 5 , and MgO. 

Yet another laminate comprises an Ag-containing 
reflecting layer and a coating layer deposited on the 
reflecting layer. The coating layer includes ln 2 0 3 as a 
main component and at least one of Sn0 2 , Nb 2 0 5 , Si0 2 , MgO, 
and Ta 2 0 5 . 

A liquid crystal display device including the 
reflective layer or the laminate described above and a 
portable terminal device having the liquid crystal display 
device are also provided. 

Other aspects and advantages of the invention will 
become appare/it from the following description, taken in 
conjunction with the accompanying drawings, illustrating 
by way of example the principles of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention, together with objects and advantages 
thereof, may best be understood by reference to the 
following description of the presently preferred 
embodiments together with the accompanying drawings in 
which : 

Fig.l is a perspective view of a portable terminal 
device including a liquid crystal display device. 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 



An Ag-alloy reflecting layer of the present invention 
comprises : 

i) Ag as a main component; 

ii) a 0.1-3.0 wt% first element selected from the 
group consisting of Au, Pd, and Ru; and 

iii) a 0.1-3.0 wt% second element selected from the 
group consisting of Cu, Ti, Cr, Ta, Mo, Ni, Al, Nb, Au, Pd, 
and Ru, wherein the second element is different from the 
first element . 

The addition of Au, Pd, or Ru to Ag improves the 
weather resistance of Ag under high temperature and high 
humidity conditions. Ag, which is the main component, has 
very high thermal conductivity and tends to absorb heat 
and is quickly saturated with heat at the atomic level. Au, 
Pd, and Ru decrease the thermal conductivity of Ag and 
inhibit movement among atoms. Au, Pd, and Ru form whole 
solid solution. The content of Au, Pd, and Ru is 
preferably from 0.7 to 2.3 wt%, most preferably 0.9 wt%. 

Cu, Ti, Cr, Ta, Mo, Ni, Al, and Nb, in combination 
with Au, Pd, and Ru, improve the heat resistance and 
weather resistance of the Ag-alloy reflecting layer. The 
content of Cu, Ti, Cr, Ta, Mo, Ni, Al, and Nb is 
preferably from 0.5 to 2.5 wt%, most preferably 1.0 wt%. 

Without Cu, Ti, Cr, Ta, Mo, Ni, Al, or Nb, two or 
more of Au, Pd, and Ru may be contained in the reflecting 
layer to improve the heat resistance and weather 
resistance of the reflecting layer. 

In the reflecting layer of the present invention, 
compared with reflecting layers of pure Al and pure Ag, 
movement of surface particles is poor. In other words, the 
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self-diffusion energy of Ag upon heating is reduced in the 
reflecting layer of the present invention. Accordingly, 
the reflecting layer of the present invention resists 
self-diffusion, which improves heat resistance of the 
reflecting layer. The reflecting layer is heated during 
the manufacturing process or under a certain weather 
condition. In the reflecting layer of the present 
invention, a decrease in the reflection index is prevented 
Specifically, when the reflecting layer is heated over 
100 °C, a visual change in the reflecting layer (to a dull 
white color) due to self-diffusion and an increase in 
light absorption due to deformation of the surface are 
prevented . 

The reflecting layer of the present invention has 
high heat resistance, a high reflection index, and is 
stable when exposed to alkaline organic materials. Further 
the reflecting layer is chemically stable to gas emitted 
from a resin substrate. High heat resistance and 
reflection in/^iex are required for a reflector or a 
reflective wiring electrode of the reflection-type liquid 
crystal display device and a heat-ray or infrared-ray 
reflecting layer for building glass. The reflecting layer 
of the present invention may be used for all of them. 

The reflecting layer of the present invention may be 
produced either by sputtering or by deposition. The 
reflecting layers of the present invention are stable 
regardless of its manufacturing process and have stable 
characteristics for various purposes and for many kinds of 
substrates . 

A coating layer, which is highly heat-resistant, may 
be laid on the Ag-containing reflecting layer. The coating 
layer includes ln 2 0 3 as a main component and at least one 



of Sn0 2 , Nb 2 0 5/ Si0 2 , MgO and Ta 2 0 5 . The reflecting layer 
may be of pure Ag or an Ag alloy. In either case, high 
reflection index of the reflecting layer is maintained and 
absorptivity at short wavelengths is reduced compared with 
a reflecting layer without a coating layer. 

The reflecting layer of the present invention, 
together with a resin substrate or a glass substrate, may 
form a laminate. When a resin substrate of specific purity 
or composition is used, a large amount of gas occurs. It 
is very likely that metal will react with the gas, and an 
unstable film, such as an oxide film, will form at the 
interface between the reflecting layer and the resin 
substrate. In this case, metal oxide is better than a 
metal element for preventing reductive reaction. To 
eliminate the above disadvantage, a base film for 
promoting adhesion may be placed between the reflecting 
layer and the resin substrate or the glass substrate. 

The base film for a glass substrate may include Si, 
Ta, Ti, Mo, Cr, Al, ITO (the composite oxide of In oxide 
and Sn oxide), Zn0 2 , Si0 2 , Ti0 2/ Ta 2 0 5 , Zr0 2 , ln 2 0 3 , Sn0 2 , 
Nb 2 0 5 , or MgO. 

A base film that is made of" elemental metals such as 
Si, Ta, Ti, Mo, Cr, and Al may be formed by deposition (or 
evaporation), sputtering, CVD, or ion plating. These 
processes can be used consecutively in producing the base 
film and the Ag alloy reflecting layer, which facilitates 
the manufacture of the layers. 

A base film that is made of metal oxides such as ITO, 
2n0 2/ Si0 2 , Ti0 2r Ta 2 0 5 , Zr0 2 , ln 2 0 3 , Sn0 2 , Nb 2 0 5 , and MgO may 
also be formed easily by deposition, sputtering, or ion 
plating. For example, when an IR reflecting layer for a 
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windowpane is formed, a layer of the uniform reflection 
characteristics may be formed by any of the above 
processes . 

When the base film is placed under the reflecting 
layer, thermal stability of the laminate is ensured. The 
optical characteristics of the laminate are maintained 
regardless of the types of reflecting layers (whether pure 
Ag or an Ag alloy) . Even when the coating layer is laid on 
the reflecting layer, the thermal stability of the 
laminate is still ensured and the optical characteristics 
of the laminate are maintained regardless of the types of 
reflecting layers . 

The glass substrates for liquid crystal display 
devices and the glass substrate for building glass are 
large in size. For such substrates, a fine structure and 
accurate surface profile across the thickness are very 
important for the formed layers. Therefore, sputtering is 
preferred. W#en the base film is formed by sputtering, the 
atmosphere in the sputtering device is evacuated to form a 
stable base film. When the resin substrate is used, gas 
occurs during the evacuation and the vacuum level is not 
raised. Therefore, for the resin substrate, the deposition 
process is preferred. 

The base film for the resin substrate especially 
requires chemical stability. Thus, the base film for the 
resin substrate is preferably a thin film of metal oxide. 
When used with the reflecting layer of the present 
invention, the base film for the resin substrate 
preferably includes ITO, Zn0 2 , Si0 2 , Ti0 2/ Ta 2 0 5 , Zr0 2 , ln 2 0 3 , 
Sn0 2 , Nb 2 0 5 , or MgO, more preferably, ITO, Zn0 2 , Si0 2 , Ti0 2/ 
TaoCu, or ZrCu . 



To have the improved electrical characteristics of a 
reflective wiring electrode, a base film preferably 
includes a conductive metal oxide of ITO, Zr0 2 or a 
composite oxide about a thickness of 1-10 nm. This base 
film is highly insulative and volume resistivity of the 
laminate, which includes the Ag alloy reflecting layer and 
the base film, is substantially improved. Thus, the 
characteristics of the reflecting layer are maintained 
with the base film. 

To inhibit the deterioration of optical 
characteristics such as the reflection index and the 
refraction index, a base film preferably includes Si0 2 , 
Ti0 2/ Ta 2 0 5 , Zr0 2 , ln 2 0 3 , Sn0 2 , Nb 2 0 5 , or MgO. Since Si0 2 
absorbs less light at the optical wavelength regions from 
400 to 4000 nm, it can inhibit the deterioration of the 
reflection index due to the increase in absorptivity. 
Since Ti0 2 , Ta 2 0 5 , Zr0 2 , ln 2 0 3 , Sn0 2 , Nb 2 0 5 , and MgO have high 
refractive indices and low absorptivities , they are also 
preferred. 

When the base film is used, the degree of adhesion 
and the optical characteristics of the laminate are 
improved and the thermal stability of the laminate is 
maintained. The optical characteristics of the laminate 
are maintained regardless of the types of the reflecting 
layers (whether pure Ag or an Ag alloy) . Thus, the 
reflecting layers of the present invention achieve the 
best performance . 

As shown in Fig.l, a portable terminal device 1 
includes a liquid crystal display device 2. The liquid 
crystal display device 2 is formed by a reflector on a 
lower glass substrate, a color filter, a polarizing layer, 
a liquid crystal layer, a polarizing layer, a transparent 



conductive layer, and an upper glass substrate, which are 
laminated in order. The laminate of the present invention, 
which serves as the reflector, is protected from alkaline 
materials generated during the manufacturing process of 
the color filter. The laminate has a higher reflection 
index and a lower optical absorptivity than the reflector 
of pure Al or an Al alloy, and a liquid crystal display 
device 2 having the laminate suffers less optical loss. 
The brightness of a liquid crystal display device 2 having 
the laminate of the present invention is greater than that 
of a liquid crystal display device having the reflector of 
pure Al or Al alloy. A portable terminal device 1 having 
such a liquid crystal display device 2 has an improved 
display. Therefore, the quality of the product is improved. 

Examples 

Comparison 

Ag-alloy reflecting layers were produced from the 
binary Ag all/oys. Binary means two elements, i.e., Ag as a 
main component and Au, Pd or Ru. The content of Au, Pd or 
Ru was 0.1-4.0 wt%. 

Firstly, an Ag target and a Pd target are installed 
in a magnetron sputtering apparatus. Electrical discharges 
to the Ag and Pd targets were controlled at the specific 
RF power. Ar (Argon) gas was selectively set within the 
range from 0.1 to 3.0 Pa. The two metal elements were 
simultaneously sputtered to form binary Ag-alloy layers 
that contain Pd at several different levels. Ag-alloy 
layers that contain Au or Ru at several different levels 
were also produced. 

Quartz substrates, which are 100 mmXIOO mmXl.l t 
in size, were used as a substrate. The temperature of the 



substrates during the sputtering process was room 
temperature (about 25 °C) . Using Ar gas as an exclusive 
sputtering gas in an high vacuum atmosphere where the 
ultimate vacuum level was 3X10E-6 Pa, the Ag-alloy layer 
5 was deposited on the quartz substrate so that the 
thickness of the layer was 20 nm. 

The reason for depositing the Ag-alloy layer in the 
high vacuum atmosphere is to prevent impure gas from 
10 staying in the layer and to make the layer compact. Thus, 
the desired characteristics of the Ag-alloy material are 
ensured . 

The resultant Ag-alloy layers were kept on a hot 
15 plate for about 2 hours. Then the layers were observed. 

The presence or absence of visual change (to a dull white 
color) in the layer surface and the time when the visual 
change occurred were examined. The hot plate was heated to 
250 X: at a heating rate of 20 °C/min by resistance heating. 
20 The reflection index of the Ag-alloy layers before and 

after heating was also examined. The results are shown in 
Table 1. 



Table 1 



Material 
composition 
(wt%) 


Surface state of the layer 
after heating at 250 °C 


The time 
when the 
visual 
change 
occurred 


Differences of reflection 
index before and after 

heating 
(wavelength of 800 nm) 


Ag 


dull white color over the 
surface 


100 °C 


-25 % 


Ag99.9Pd0.1 


dull white color over the 
surface 


100 °C 


-22 % 


Ag99.5Pd0.5 


dull white color over the 
surface 


100 °C 


-22 % 


Ag99.0Pdl.0 


dull white color over the 
surface 


120 °C 


-21 % 


Ag98.5PdL5 


dull white color over the 
surface 


120 °C 


-21 % 


Ag98.0Pd2.0 


dull white color over the 
surface 


130 °C 


-20 % 


Ag97.5Pd2.5 


dull white color at the 


150 °C 


-7.4 % (unchanged region 
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middle portion 




was measured) 


Agy /.UJrao.U 


weak white color around 
the middle portion 


1DU O 


-6,5 % (unchanged region 
was measured) 


Agyb.oJrao.o 


weak white color around 
the middle portion 


lou O 


-6.1 % (unchanged region 
was measured) 


Agyb.UJra4.U 


weak white color around 
the middle portion 


i Pin °r > ' 


-6.1 % (unchanged region 
was measured) 










Agyy.yAuu.i 


dull white color over the 
surface 


100 c 


0 0 0/ 


Agyy.oAuu.o 


dull white color over the 
surface 


100 c 


no 0/ 


Agyy.uAu i.u 


dull white color over the 
surface 


ion °o 

1Z0 c 


0 10/ 

-Lx so 


Agyo.oAul.o 


dull white color over the 
surface 


120 C 


-Zl % 


Ag98.0Au2.0 


dull white color over the 
surface 


130 °C 


-21 % 


Ag97,5Au2.5 


dull white color at the 
middle portion 


150 °C 


-7,0 % (unchanged region 
was measured) 


Ag97.0Au3.0 


weak white color around 
the middle portion 


150 °C 


-6.5 % (unchanged region 
was measured) 


Ag96.5Au3.5 


weak white color around 
the middle portion 


150 °C 


-6.0 % (unchanged region 
was measured) 


Ag96.0Au4.0 


weak white color around 
the middle portion 


150 °C 


-6.0 % (unchanged region 
was measured) 










Ag99.9Ru0.1 


dujl white color over the 
surface 


100 °C 


-22 % 


Ag99.5Ru0.5 


dull white color over the 
surface 


100 °C 


-22 % 


Ag99.0Rul.O 


dull white color over the 
surface 


120 °C 


-21 % 


Ag98.5RuL5 


dull white color over the 
surface 


120 °C 


-20 % 


Ag98.0Ku2.0 


dull white color over the 
surface 


130 °C 


-20 % 


Ag97.5Ku2.5 


dull white color at the 
middle portion 


150 C 


-7.4 % (unchanged region 
was measured) 


Agy /.UJaUo.U 


weak white color around 
the middle portion 


lou u 


-6.5 % (unchanged region 
was measured) 


Ag96.5Ru3.5 


weak white color around 
the middle portion 


150 °C 


-6.1 % (unchanged region 
was measured) 


Ag96.0Ru4.0 


weak white color around 
the middle portion 


150 °C 


-6.1 % (unchanged region 
was measured) 



As shown in Table l f the visual change in the layer 
surface was not inhibited in the binary Ag-alloy layers 
including Au r Pd f or Ru as in the pure Ag layer. It was 
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supposed that these binary layers were not heat resistant 
and unstable when exposed to the outdoor temperatures and 
sun rays. The reflection index of the binary Ag-alloy 
layers after heating was improved by only 2 to 3 % 
compared with that of the pure Ag layer after heating. 
Therefore, no anti-surface diffusion effects due to the 
addition of Au, Pd, and Ru were confirmed. 

Example 1 

Ag-alloy reflecting layers of the present invention 
were produced from the ternary Ag alloys. Ternary means 
three elements, i.e., Ag as a main component, a first 
element selected from the group consisting of Au, Pd, and 
Ru, and a second element selected from the group 
consisting of Cu, Ti, Cr, Ta, Mo, Ni, Al, Nb, Au, Pd, and 
Ru. The second element is different from the first element 
The contents of the first element and the second element 
were 0.1-3.0 wt%. 

/ 

/ 

Firstly, targets of Ag target, the first element, and 
the second element are installed in a magnetron sputtering 
apparatus. The three metal elements were simultaneously 
sputtered to form Ag-alloy layers. 

As in the Comparison, quartz substrates, which were 
100 mmXIOO mmXl.l t in size, were used as a substrate. 
The temperature of the substrates during the sputtering 
process was kept at room temperature (about 25 °C) . Using 
Ar gas as an exclusive sputtering gas in an high vacuum 
atmosphere where the ultimate vacuum level was 3X10E-6 Pa, 
the Ag-alloy layer was deposited on the quartz substrate 
so that the thickness of the layer was 200 nm. 



The resultant Ag-alloy layers were kept on a hot 



plate for about 2 hours. Then the layers were observed. 
The presence or absence of visual change (to a dull white 
color) in the layer surface and the time when the visual 
change occurred were examined. The reflection index of the 
Ag-alloy layers before and after heating was also examined. 
The results are shown in Table 2. 
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Table 2 



Material 
composition 
(wt%) 


Surface state of the 
layer after heating at 
250 °C 


The time the 
visual change 
occurred 


Differences of 
- reflection index before 
and after heating 
(wavelength of 800 nm) 


Ag99.8Pd0.1Cu0.1 


no change observed 


— 


-1.1 % 


Ag98.4PdO.lCul. 5 


no change observed 


— 


-1.0% 


Ag96.9Pd0.lCu3.0 


no change observed 


— 


-1.0 % 


Ag98.4Pdl.5Cu0.1 


no change observed 


— 


-0.9 % 


Ag97.0Pdl.5Cul.5 


no change observed 


— 


-0.7 % 


Ag95.5Pdl.5Cu3.0 


no change observed 


— 


-0.7 % 


Ag96.9Pd3.0Cu0.1 


no change observed 


— 


-1.0% 


Ag95.5Pd3.0Cul.5 


no change observed 


— 


-0.5 % 


Ag94.0Pd3.0Cu3.0 


no change observed 


— 


-0.4 % 


Ag99.8Pd0.1Ti0.1 


no change observed 


— 


-1.1 % 


Ag98.4Pd0.1Til.5 


no change observed 


— 


-1.0 % 


Ag96.9Pd0.lTi3.0 


no change observed 


— 


-1.0% 


Ag98.4Pdl.5Ti0.1 


no change observed 


— 


-0.9 % 


Ag97.0Pdl.5Til. 5 


no change observed 


— 


-0.7 % 


Ag95.5Pdl.5Ti3.0 


no change observed 


— 


-0.7 % 


Ag96.9Pd3.0Ti0.1 


no change observed 


— 


-1.0% 


Ag95.5Pd3.0Til.5 


no change observed 


— 


-0.5 % 


Ag94.0Pd3.0Ti3.0 


no change observed 


— 


-0.4 % 


Ag99.8Pd0.1Cr0.1 


no change observed 


— 


-1.1 % 


Ag98.4Pd0.lCr 1.5 


no change observed 


— 


-1.0 % 


Ag96.9Pd0.1Cr3.0 


no change observed 


— 


-1.0 % 


Ag98.4Pdl.5Cr0.1/ 


no change observed 


— 


-0.9 % 


Ag97.0Pdl.5Crl.3 


no change observed 


— 


-0.7 % 


Ag95.5Pdl.5Cr3.0 


no change observed 


— 


-0.7 % 


Ag96.9Pd3.0Cr0.1 


no change observed 


— 


-1.0 % 


Ag95.5Pd3.0Crl.5 


no change observed 


— 


-0.5 % 


Ag94.0Pd3.0Cr3.0 


no change observed 


— 


-0.4 % 


Ag99.8Pd0.1Ta0.1 


no change observed 


— 


-1.1 % 


Ag98.4PdO.lTal. 5 


no change observed 


— 


-1.0 % 


Ag96.9Pd0.1Ta3.0 


no change observed 


— 


-1.0 % 


Ag98.6Pdl.5Ta0.1 


no change observed 




-0.9 % 


Ag97.0Pdl.5Tal.5 


no change observed 




-0.7 % 


Ag95.5Pdl.5Ta3.0 


no change observed 




-0.7 % 


Ag96.9Pd3.0Ta0.1 


no change observed 




-1.0 % 


Ag95.5Pd3.0Tal.5 


no change observed 




-0.5 % 


Ag94.0Pd3.0Ta3.0 


no change observed 




-0.4 % 
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Table 2 Continued 



Material composition 
(wt%) 


Surface state of the 
layer after heating at 
ZoQ C 


The time the 
visual change 
occurred 


Differences of reflection 
index before and after 
heating 

^W£t VplpTl CH" n AT ft OO Tl TY\ \ 

^wavciciij,m \jx. cjkjkj inn j 


Aet98 4PdO INiO 1 


no pVianpfp ohcipfvpr! 




-1.1 % 


As?98 4PdO INil 5 


Tin pViflnP"p ohsprvpd 

XX W V* X X d. XX V> V vu 




-1.0 % 


Ae^fi 9Pd0 lNi3 0 


no oHflnp'p onciprvpd 




-1.0 % 


A?98 4Pd 1 5NiO 1 


no oil an cp oh^prvpd 

11U VrXXCAXX & w V/ O O X V VX. 




-0.9 % 


Ap^)7 OPdl 5Nil 5 


no pTiamyp nncpfvpn 




-0.7 % 


Ao-Q^i ^Pdl £Ni3 0 


no pnQM cr£» AnGPrvpn 

Xllf VyllcLU^C. W JL»Ot? X VCU 




-0.7 % 


Ao-Qfi QPd^ ONiO 1 

rt.gt7U.I7x U.O.V/l>l JAJ. J. 


no n £i n ctp r\\\ cay\7dc\ 
nw i^xiciiigc? uuoci vcu 




-1.0 % 


AcrQ^ ^Po*** OTSTil P> 
rt.gi70.OX U.O.I/1N1X.L/ 


no r*Vidncro o noo ori 
11 LJ wilclXlgt: UUocl VcU 




\J .<J so 


AcrQzl OP/1^ ONM n 
rt>gt7 . v/X CI o . UxN lO . u 


11 u lid 11 ouservcu 




-0 4% 


AcrOQ 8PdO 1A10 1 
rYgc# £7. ox u.vy. ixiiw. x 


no phflncrp r»rict»*i*vpi^ 
XHJ ^liallgc UUOCl VCU 




-1.1 % 


AcrQR JTMO 1 All ^ 


11U Clldllge OUScivuU 




-10% 


AerQfi QPrlH 1A1^ n 
rt.gyO.yxUU. Xjrtlo.U 


11 U L,ll<illgc uUbciVcU 




.1 n % 

X . \J /O 


AtrQft 4P^1 ^Aifl 1 
rt.gy O C I - OrtlU . 1 


no change observed 




-U.J /o 


AitQ7 flPill ^All 


no cnange onserveci 




-0 7 % 


a«qc npj4 1 p;ai^i n 
rt.gyo.Ox a l.O-rtxo.u 


no cnange ooserveu 




-0 7 % 


rt.gyo.yz^ao.u.rtiu. x 


no change observed 




-x.U /o 


Ag y o . O Jr a o * Ui\i 1 . 0 


no change observed 




-U.O /o 


ArrCM fYCM^ HA1Q n 

A gy 4 . ux a o . Urt.i o . u 


no change observed 




n 40/ 
-u.^t /o 


Agyy ,oJr CLU. 11N DU. 1 


no change observed 




-1.1 /o 


A„QQ jbja IXTUI 

Agy o.4r^aU- xIN D I . o 


no change observed 




- 1 .U /0 


AffOfi QPrlft iKTh^ 0 


no ^ n q n cro nncowron 
UU ClldllgU UUdcIVCU 




-10% 


Ag98.4Pdl.5Nb0.1, 


no change observed 




^0.9 % 


Ag97.0Pdl.5Nbl.5 


no change observed 




-0.7 % 


Ag95.5Pdl.5Nb3.0 


no change observed 




-0.7 % 


Ag96.9Pd3.0Nb0.1 


no change observed 




rl.O % 


Ag95.5Pd3.0Nbl.5 


no change observed 




-0.5 % 


Ag94.0Pd3.0Nb3.0 


no change observed 




-0.4 % 
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Table 2 Continued 



TVTatprifil 

comp ositio n 
(wt%) 


Surfprp state of* the 

layer after heating at 
250°C 


The time the 
visual change 
occurred 


Differences of 
reflection index before 
and after heating 
(wavelength of 800 
nm) 


Ag99.8Pd0.1Mo0.1 


no change observed 


— 


-1.1 % 


Ag98.4Pd0.1Mo 1.5 


no change observed 


— 


-1.0 % 


Ag96.9Pd0.lMo3.0 


no change observed 


— 


-1.0% 


Ag98.4Pdl.5Mo0.1 


no change observed 


— 


-0.9 % 


Ag97.0Pdl.5Mol.5 


no change observed 


— 


-0.7 % 


Ag95.5Pdl.5Mo3.0 


no change observed 


— 


-0.7 % 


Ag96.9Pd3.0Mo0.1 


no change observed 


— 


-1.0 % 


Ag95.5Pd3.0Mo 1.5 


no change observed 


— 


-0.5 % 


Ag94.0Pd3.0Mo3.0 


no change observed 


— 


-0.4 % 


Ag99.8Pd0.lAu0.1 


no change observed 


— 


-1.1 % 


Ag98.4Pd0.1Aul.5 


no change observed 


— 


-1.0 % 


Ag96.9Pd0.1Au3.0 


no change observed 


— 


-1.0 % 


Ag98.4Pdl.5Au0.1 


no change observed 


— 


-0.9 % 


Ag97.0Pdl.5Aul.5 


no change observed 


— 


-0.7 % 


Ag95.5Pdl.5Au3.0 


no change observed 


— 


-0.7 % 


Ag96.9Pd3.0Au0.1 


no change observed 


— 


-1.0 % 


Ag95.5Pd3.0Aul.5 


no change observed 


— 


-0.5 % 


Ag94.0Pd3.0Au3.0 


no change observed 


— 


-0.4 % 


Ag99.8Au0.1Ru0.1 


no change observed 


— 


-1.0 % 


Ag98.4Au0.1Rul.5 


no change observed 


— 


-0.8 % 


Ag96.9Au0.1Ru3.0, 


no change observed 


— 


-0.5 % 


Ag98.4Aul.5Ru0.1 


no change observed 


— 


-1.0 % 


Ag97.0Aul.5Rul.5 


no change observed 


— 


-0.3 % 


Ag95.5Aul.5Ru3.0 


no change observed 


— 


-0.6 % 


Ag96.9Au3.0Ru0.1 


no change observed 


— 


-0.8 % 


Ag95.5Au3.0Rul.5 


no change observed 


— 


-0.5 % 


Ag94.0Au3.0Ru3.0 


no change observed 


— 


-0.8 % 


Ag99.8Pd0.lRu0.1 


no change observed 


— 


-1.0 % 


Ag98.4Pd0.1Rul.5 


no change observed 


— 


-0.9 % 


Ag96.9Pd0.lRu3.0 


no change observed 


— 


-1.0 % 


Ag98.4Pdl.5Ru0.1 


no change observed 




-0.9 % 


Ag97.0Pdl.5Ru 1.5 


no change observed 




-0.8 % 


Ag95.5Pdl.5Ru3.0 


no change observed 




-0.7 % 


Ag96.9Pd3.0Ru0.1 


no change observed 




-1.0 % 


Ag95.5Pd3.0Rul.5 


no change observed 




-0.6 % 


Ag94.0Pd3.0Ru3.0 


no change observed 




-0.4 % 
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AgAuXb Table 2 Continued 



Material Surface state of the 
composition layer after heating at 
(wt%) 250°C 


The time the 
visual chang 
occurred 


Differences of 
e reflection index before 
and after heating 
(wavelength of 800 
nm) 


rvgaj.unuu. iv-/uu.i | ii u ciiaiige ODserveu. 




-0.9 % 


ngoo.^fiuu. ivui.o j no cnange observed 




-0.8 % 


-rt.gi7ti.i7^iuu.±v_/uo.u [ no cnange observed 




-0.8 % 


AprQft 4 All 1 KflnO 1 1 Tin Vi o T-» rrr\ s>tVt rm wrr\ 

ngiJo. < *nui.jvyuu.i j no cnange observed 




-0.7 % 


"■js** • .vriui.jvui.o | no cnange observed 




-0.6 % 


A CtQ ft ft A Til ft I .11 Q A I ft f\ AVinn rrn n Vinn J 

ngju.^Aui.jtfUo.u [ no cnange ooserved 




-0.5 % 


/\gi?D.£FAuo.u^tiu. l | no cnange observed 




-0.8 % 


ng^o.oAuo.ut'Ui.D | no cnange observed 




-0.5 % 


Agy4.UAuo.uuuo.u | no cnange observed 


— 


-0.6 % 


Agtiii.oAuu-iiiu. i j no cnange observed 




-0.9 % 


AcrQft A AnCS ITil 1 _t_ _ „ ~ ~ i 

Agyo.'iAuu.iiu.D I no cnange observed 




-0.6 % 


Agyo.yAuu. x iio.u no cnange observed 




-0.3 % 


figyo.4Aui.oiiu.i | no cnange observed 


— 


-0.5 % 


Agy /.UAul.olil.5 no cnange observed 


— 


-0.8 % 


Agyo.oAul.olid.U no cnange observed 


— 


-0.6 % 


Agyo.yAud.Uliu.l no cnange observed 


— 


-0.9 % 


Agy5.5Aud.01il. 5 no change observed 


— 


-1.1 % 


A rrQ/f A A n Q AT^ Q A 1 ^ l i j 

Agy4.UAud.Ulio.U no cnange observed 


— 


-1.0 % 


A rrQQ ft A n A 1 f-r-A 1 1 «~ _ "I i -j 

Agyy .oauu. luru. 1 | no cnange observed 


— 


-0.8 % 


Agyo.4AuU.lUr 1.5 no change observed 


— 


-1.0 % 


ArrQ£ Q A -ii A Ip-Q A 1 — A «"U — — — 1_ j 

Agyo.yAuu. i^rd.U/ | no cnange observed 


— 


-0.6 % 


Agyf5.4Aul.ourU.l no cnange observed 


— 


-0.9 % 


Agy /.UAul.oLrrl.o no cnange observed 


— 


-0.4 % 


A rrQ fx C An 1 n /^-»»Q A 1 «^ ^1 „ _ l j 

Agyo.OAui.ouro.u | no cnange observed 




-1.1 % 


Agyo.yAud.uuru.l | no cnange observed 


— 


-0.8 % 


A rrQ K PC A ii O nP»1 K I «. ^ „T i i 

Agyo.oAuo.uurl.o | no cnange observed 


— 


-0.9 % 


/igy^.uAuo.uuro.u | no cnange observed 




-0.7 % 


/igyy.oAuu.iiau.i | no cnange observed 




-0.5 % 


iAguo.^Auu.i lai.o j no cnange observed 


— 


-0.6 % 


AcrQfi QAnO ITqQ A I „/, « ~"U j 

/igyo.yAuu.iiao.u | no cnange observed 




-1.1 % 


Ag98.6Aul.5Ta0.1 no change observed 




/o 


Ag97.0Aul.5Tal. 5 no change observed 




-0.9 % 


Ag95.5Aul.5Ta3.0 no change observed 




-0.8 % 


Ag96.9Au3.0Ta0.1 no change observed 




-0.5 % 


Ag95.5Au3.0Tal. 5 no change observed 




-1.0 % 


Ag94.0Au3.0Ta3.0 | no change observed 




-0.6 % 
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Table 2 Continued 



Material 
composition 
(wt%) 


ouiid.ce state 01 tile 
laver after heatinp" at 

*"*«7 «. .1. v A. V-< C4. till C CI li 

250°C 


i ne time in< 
visual chang 
occurred 


- Ditierences of 

e reflection index before 

Qnn c If 01" nDQ+inrr 

ctiiu. dlUtJI Xlt!<iXing 

(wavelength of 800 
nm) 


Ag99.8AuO,lMo0.1 


no change observed 


— 


-0.7 % 


Ag98.4AuO.lMol. 5 


no change observed 


— 


-1.1 % 


Ag96.9Au0.1Mo3.0 


no change observed 


— 


-0.8 % 


Ag98.4Aul.5Mo0.1 


no change observed 


— 


-0.4 % 


Ag97.0Aul.5Mol.5 


no change observed 


— 


-0.8 % 


Ag95.5Aul.5Mo3.0 


no change observed 


— 


-0.3 % 


Ag96.9Au3.0Mo0.1 


no change observed 





-0.9 % 


Ag95.5Au3.0Mol.5 


no change observed 





-1.1 % 


Ag94.0Au3.0Mo3.0 


no change observed 





-1.0 % 


Ag99.8Au0.1Ni0.1 


no change observed 





-0.5 % 


Ag98.4AuO.lNil. 5 


no change observed 





-1.1 % 


Ag96.9Au0.1Ni3.0 


no change observed 





-0.8 % 


Ag98.4Aul.5Ni0.1 


no change observed 




-0.4 % 


Ag97.0Aul.5Nil. 5 


no change observed 





-1.0 % 


Ag95.5Aul.5Ni3.0 


no change observed 





-0.7 % 


Ag96.9Au3.0Ni0.1 


no change observed 





-0.9 % 


Ag95.5Au3.0Nil.5 


no change observed 




-0.6 % 


Ag94.0Au3.0Ni3.0 


no change observed 




-0.8 % 


Ag99.8Au0.1Al0.1 


no change observed 




-1.09 % 


Ag98.4Au0.lAll. 5 


no change observed 




-1.1 % 


Ag96.9Auo.iAi3.o, 


no change observed 





-0.7 % 


Ag98.4Aul.5A10.!' 


no change observed 





-0.9 % 


Ag97.0Aul.5A11.5 


no change observed 





-0.5 % 


Ag95.5Aul.5A13.0 


no change observed 


— 


-0.4 % 


Ag96.9Au3.0A10.1 


no change observed 





-0.8 % 


Ag95.5Au3.0A11.5 


no change observed 





-1.0% 


Ag94.0Au3.0A13.0 


no change observed 





-1.1 % 


Ag99.8Au0.1Nb0.1 


no change observed 





-1.1 % 


Ag98.4Au0.1Nb 1.5 


no change observed 





-1.0 % 


Ag96.9Au0.1Nb3.0 


no change observed 


— 


-0.9 % 


Ag98.4Au 1 .5Nb0. 1 


no change observed 




-0.8 % 


Ag97.0Aul.5Nbl.5 


no change observed 




-0.7 % 


Ag95.5Aul.5Nb3.0 


no change observed 




-0.8 % 


Ag96.9Au3.0Nb0.1 


no change observed 




-1.0 % 


Ag95.5Au3.0Nbl.5 


no change observed 




-0.4 % 


Ag94.0Au3.0Nb3.0 


qo change observed 




-0.4 % 
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AgRuX Table 2 Continued 



Material 
composition 
(wt%) 


Surface state of the 
layer after heating at 
250°C 


The time the 
visual change 
occurred 


Differences of 
reflection index before 
and after heating 
(wavelength, oi oOO 
nm) 


Ao-QQ 5VRuf) ifhiO 1 


Tift phon fro nnco ~Y*\7Pi r\ 
IJ.U Ulldllgt; UUocl VcU 




-0.9 % 


AffQQ /i/Riif) Ifnl ^ 


IIU ClldllgU UUbfcJxveU. 






AffQft QPnO IpnQ A 


no cnange ODScrvea. 




.0 7 % 




II U L-Xldllgt; OOociVcu 




-0 7 % 

\J . i SO 


x\gi7 # .UXlUi.OvUl.J 


no cnangc ooserveu 




" U . D /0 


Agy o.Divui.Ov^uo.u 


no change observed. 




-u.o /o 


Ao-Qft QRuQ OPiiO 1 


no cnange observed 




0 7 % 


Agy 0 . O XV U O . U w U JL ♦ O 


no change observed. 




- U . O so 


Agy4.UlvUO.UOuo.U 


no change observed 




-U.D /o 


A«QQ OpnA "IT^A 1 

Agy y.oixuu. x 1 iu. 1 


no change observed 




- u . y /o 


Agy 0 . 4KUU . 1 1 1 J. . O 


no change observed 




A ft 0/ 


Agyb.yKuU.llio.U 


no change observed 




-U.4 % 


Agyo\4ivUl.oliU.l 


no change observed 




A K 0/ 


Agy 7. UKu 1,0111.0 


no change observed 




A Q 0/ 


A OCT CD,, 1 ft HP-I O ft 

Ag9 0 . oKu 1.51 10.U 


no change observed 




-U.O % 


Ag9o.9Kud.UliU.l 


no change observed 




A O 0/ 

-U.9 % 


Ag95.5rcUo.Ulil.o 


no change observed 




110/ 

-1.1 /o 


Ag94.0Kuo.U 1 id.U 


no change observed 




1 A 0/ 
- l.U 70 


Ag99.8Ku0.1ur0.1 


no change observed 




A Q 07 
-U.O % 


A ftO A T5 ft 1 /"I— 1 C 

Ag98.4KuU.lCrl. 5 


no change observed 




1 ft 07 

-l.U % 


Agyb.yKuU. lOro.U/ 


no change observed 




A C 0/ 
-U.O 70 


Ag9o,4Ku l.oorU. 1 


no change observed 




A Q 0/ 
-U.O 70 


Ag97.UKul.oCrl.o 


no change observed 




A 4 0/ 
-U.4 /o 


A „ft cr erT>,_ 1 CP-Q A 

Agyo.oKul.oUro.U 


no change observed 




1 A 0/ 

-l.U /o 


a„oc qp m o a/^wi i 
Agyb.yxtuo.uv^ru. i 


no change observed 




n ft 07 

-U.O 70 


A„ftc rD„Q ft/~^„ 1 r 

Agyo.oxtuo.UOrl.o 


no change observed 




A Q 07 
-U.C7 /0 


An-OM nPnQ nPrQ n 
Agy4,uivuo.uv->ro.u 


no change observed 




-U.O 70 


Agyy,oituu.i laU. 1 


no change observed 




-u.y /o 


\_qq >iT>,,ri TT«1 
Agy c> . 4xvUU. 1 1 a 1 . 0 


no change observed 




n ft 0y£ 
-U.O 70 


Ao-Qfi QPnO iTa^ O 


IIU CUdllgt: UUocfVcU 




-0 7 % 

W.I /o 


Ag98.6Rul.5Ta0.1 


no change observed 




-0.7 % 


Ag97.0Rul.5Tal.5 


no change observed 




-0.6 % 


Ag95.5Rul.5Ta3.0 


no change observed 




-0.5 % 


Ag96.9Ru3.0Ta0.1 


no change observed 




-0.7 % 


Ag95.5Ru3.0Tal.5 


no change observed 




-0.6 % 


Ag94.0Ru3.0Ta3.0 


no change observed 




-0.6 % 
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Table 2 Continued 



Material 
composition 
(wt%) 


Surface state of the 
layer after heating at 
250°C 


The time th€ 
visual chang 
occurred 


J Differences of 
e reflection index before 
and after heating 
(wavelength of 800 
nm) 


Ap-99 8RuO IMoO 1 


no cnange ODserveo. 




r\ 0 0/ 


Ap"98 4RuO iMnl 5 


110 cnange ODserveu 




1 n 0/ 
-l.U % 


A^9fi 9RuO 1Mo3 0 

ngt/Ua vivuv/< liiiUvtv 


110 cnd.nge ODserveu 




-U.b % 


Aff98 4Ru 1 5MnO 1 


no cnange ooserveci 




-0.7 % 


Acr97 0Rnl ^Mnl ^ 


no change observed 




-0.4 % 


A ^9 5 fvRul 5Mn3 0 


no cnange ODserveu 




-1.1 % 


Ao-Qfi QRn^ OMnO 1 


no change observed 




-0.8 % 


AcrQ^ f^PiiQ OA/Tr» 1 
jf\gl/ O . Uxvll O . U1VXO x . 0 


no change observed 




-0.7 % 


AcrQJ. n"Rn^ OTV/fn^ O 

jtV g 1/ . U XX, U O . KJ 1VX U O . \J 


no change observed 




-0.6 % 


Ao-QQ ftPnO INin 1 


no change observed 




-1.0 % 


AcrQft J.T?nO iTNJil ^ 


no change observed 




-1.1 % 


AcrQfi Q"RnO 1"NFi^ ft 


no change observed 




-0.8 % 


A<rQQ. ATiiil ^M-in 1 

/\g£J0.4XVU X.DiNlU. 1 


no change observed 




-0.8 % 


A<tQ7 nPni £xni K 


no change observed 


— " 


-0.5 % 


A„QC cp.,1 CXT'Q f\ 


no change observed 




-0.5 % 


A„Qfi Qp,,q n"Min 1 


no change observed 




-0.7 % 


A/rQC fCT?nQ HW^1 K 


no change observed 




-1.0 % 


A rrCM nPiiQ nXKQ n 
Agy 4. UJXUo . UXN lo .u 


no change observed 




-1.1 % 




no change observed 




-1.0 % 


Ao-QR /iPnH 1 All f; 


no change observed 




-1.1 % 


a«.qc np^n 1 AiQ n 
Agyo.yxtuu. lAio.U/ 


no change observed 




-0.7 % 


/\gao.4x\ux.0/ixU. 1 


no change observed 




-0.9 % 


AerQ7 nPni P^All K 
/\gt/ / .UxvUx.D/Vlx.O 


no change observed 


— 


-0.5 % 


A «QC ^,,1 cAlQ n 
Agcf D . Oxx U 1 . DAlo . U 


no change observed 


— 


-0.5 % 


AcrQfi QPnQ HA If* 1 
r\gcJO . xvll O . UxixU . 1 


no change observed 


— 


-0.8 % 


A ff QC CRnO HAH ^ 


no change observed 




-1.0 % 


AcrQd. HPiiQ HA1Q n 


no change observed 




-1.1 % 


AcrQQ ftPnO iTsThO 1 

115 U*J . OXi. U.<J . X JLN UU. X 


no change observed 




-1.1 % 


AcrQft iPnfl 1 tsJH 1 
^\.g*70.^bXvU.U. XXN L> X .O 


no change observed 




-1.0 % 


AcrQfi QRnH llSTh^ O 


no change observed 




-0.8 % 


Ag98.4Rul.5Nb0.1 


no chancre observpd 




KJ .O /O 


Ag97.0Rul.5Nbl. 5 


no change observed 




-0.7 % 


Ag95.5Rul.5Nb3.0 


no change observed 




-0.7 % 


Ag96.9Ru3.0Nb0.1 


no change observed 




-1.0 % 


Ag95.5Ru3.0Nbl. 5 


no change observed 




-0.5 % 


Ag94.0Ru3.0Nb3.0 


no change observed 




-0.4 % 



While the surface change and the accompanying 
decrease in the reflection index were observed with the 
Ag-alloy layers in the Comparison, they were not observed 
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with the Ag-alloy layers of any 
Example 1, as shown in Table 2. 



examined 



composition 



in 



10 



25 



30 



Moreover, the quartz substrates, on which various Ag- 
alloy layers were deposited and which were heated to 250 °C 
as described , were further kept on a hot plate at 400 °C 
for two hours. The surface change and the decrease in the 
reflection index were not observed in the Ag-alloy layers 
of any examined composition (data not shown) . 



The Ag-alloy reflecting layers that included Ag and 
0.1-3.0 wt% Cu, Ti, Cr, Ta, Mo, Ni, Al, or Nb but did not 
include Au, Pd, or Ru were produced. As described, the Ag- 
alloy layer was deposited on the quartz substrate so that 
15 the thickness of the layer was 15nm by simultaneous 

sputtering. The visual change of the layers was observed 
over time both at 250 °C and 400 °C . All the layers became 
white and the reflection index was decreased (data not 
shown) . 
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Taken together, it was revealed that the Ag-alloy 
layers including Ag as a main component, the first element, 
and the second element had improved heat resistance and 
maintained high reflection index. 

Example 2 

In this Example, the utility of the ternary Ag-alloy 
layers as reflectors and reflective wiring electrodes for 
reflection-type liquid crystal display devices was studied. 



The anti-corrosive study on chemical stability was 
conducted with respect to the conventional metal layers 
(pure Al, an Al alloy, Ag, binary Ag-alloys) and the 
35 ternary Ag-alloy layers of the present invention. A liquid 
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resist was applied to the reflecting layers and the 
pattern was formed on them. Then the reflecting layers 
were washed with an alkali solution (5 % KOH aqueous 
solution) to remove the resist. The surface of the layers 
5 was observed. The results are shown in Table 3. 



Table 3 



iviaieriai compuoiuiuii \wv/vj 


Alkali solution 


A 1 

Al 


completely reacted 


Aiyo.UiVlg4.U 


completely reacted 


Al coated with acrylic resin 


no vH fillv Tf^acted 


Ag9o.UFdZ.U 


•manv hlarlc stains 

JJJ.Cli.Ajr KJ XCXKs H. O uttlllO 


a fin /"\"r> j o a 

Ag97.0Fdd.U 


mnr] <»t*5» T£» r*lf*f*lc stifiins 


Ag99.oFdu.lGu0.1 


Tin nViQTicrf* 


Ag99 .4FdO . 5CuU . 1 


n n r»Vi d n cro 
jjHJ ciiciiigt; 


A fio ITIJIA r\ /"t,, i A 

Ag98.1Pd0.9Cul.U 


n f\ r*ri Q Tl CP 

LIU didiigt; 


A no m~>Ji Ai^,, A i 

Ag98.9Fal.0CuU. 1 


11 U Cllclllgt; 


Ag97.9Pd2.0Cu0.1 


v\ /^v f\ Tl Q Tl ore* 


Ag96.9Fdt3.UOuU. I 


11U Cll«SLIlgt; 


Ag96.5Fd3.0CuU. 5 


X1U Ullcxilgt; 


A €\ A ATI JO A/^„ O A 

Ag94.0Fd3.0Oud.0 


n n f»Ti o ti orp 
11 U ClltLIlgC 


Ag9 9 .8FdO . 11 lO. 1 


-n n ^ ri Q Tl CP 
HO tllallgc 


Ag99.4Fd0.5 1 lU. 1 


JLXvi CllcLlAgC 


Ag98.1Fd0.91il.U 


ti n c* ri 55 n or p 


Ag98.9Fd 1 .0 1 lU. 1 


nn r* ri si Tl CP 

XI U Lillet li-feC 


a nnfr nT> J o Arp:A i 

Ag9/7 .yFdZ.UliU.l 


Tl A f*Tl 51 Tl (TO 


Ag9b.9Fdo.U 1 lU. 1 


ti n rVianP'f* 


A-OC fCT>,JO fiTiH Pi 

Agyb.oFao.U 1 1U.0 


no f*hfin£re 


Ag94.Ujr ao.U 1 lo.U 


no pnanere 


ArrQQ ftPrlO 1 C*rCl 1 

Agy 5J . o IT QU . 1 v/TV - X 


no change 


Agyo.4JruU.Xv^ri.o 


no change 


Ag96.9Pd0.lCr3.0 


no change 


Ag98.4Pdl.5Cr0.1 


no change 


Ag97.0Pdl.5Crl.5 


no change 


Ag95.5Pdl.5Cr3.0 


no change 


Ae96.9Pd3.0Cr0.1 


no change 


Ag95.5Pd3.0Crl. 5 


no change 


Ag94.0Pd3.0Cr3.0 


no change 


Ae99.8Pd0.1Ta0.1 


no change 


Ag98.4Pd0.lTal. 5 


no change 


Ag96.9Pd0.1Ta3.0 


no change 


Ag98.4Pdl.5Ta0.1 


no change 


Ag97.0Pdl.5Tal.5 


no change 


Ag95.5Pdl.5Ta3.0 


no change 


Ag96.9Pd3.0Ta0.1 


no change 


Ag95.5Pd3.0Tal.5 


no change 


Ag94.0Pd3.0Ta3.0 


no change 
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Ag99.8Pd0.1Mo0.1 


no change 


Ag98.4PdO.lMol. 5 


no change 


Ag96.9Pd0.lMo3.0 


no change 


Ag98.4Pdl.5Mo0.1 


no change 


Ag97.0Pdl.5Mol.5 


no change 


Ag95.5Pdl.5Mo3.0 


no change 


Ag96.9Pd3.0Mo0.1 


no change 


Ag95.5Pd3.0Mo 1.5 


no change 


Ag94.0Pd3.0Mo3.0 


no change 


Ag98.4Pd0.1Ni0.1 


no change 


Ag98.4Pd0.1Nil.5 


no change 


Ag96.9Pd0.lNi3.0 


no change 


Ag98.4Pdl.5Ni0.1 


no change 


Ae97.0Pdl.5Nil.5 


no change 


Ag95.5Pdl.5Ni3.0 


no change 


Ag96.9Pd3.0Ni0.1 


no change 


Ag95.5Pd3.0Nil. 5 


no change 


Ag94.0Pd3.0Ni3.0 


no change 


Ag99.8Pd0.1A10.1 


no change 


Ag98.4Pd0.1A11.5 


no change 


Ag96.9Pd0.lA13.0 


no change 


Ag98.4Pdl.5A10.1 


no change 


Ag97.0Pdl.5A11.5 


no change 


Ag95.5Pdl.£A13.0 


no change 


Ag96.9Pd3.0A10.1 


no change 


Ag95.5Pd3.0A11.5 


no change 


Ag94.0Pd3.0A13.0 


no change 


Ag99.8Pd0.lNb0.1 


no change 


Ag9S.4Pd0.lNbl. 5 


no change 


Ag9fe.9Pd0.1Nb3.0 


no change 


Ag98.4Pdl.5Nb0.1 


no change 


Ag97.0Pdl.5Nbl.5 


no change 


Ag95.5Pdl.5Nb3.0 


no change 


Ag96.9Pd3.0Nb0.1 


no change 


Ag95.5Pd3.0Nb 1.5 


no change 


Ag94.0Pd3.0Nb3.0 


no change 


Ag99.8Pd0.1Au0.1 


no change 


Ag98.4Pd0.1Aul.5 


no change 


Ag96.9Pd0.1Au3.0 


no change 


Ag98.4Pdl.5Au0.1 


no change 


Ag97.0Pdl.5Aul.5 


no change 


Ag95.5Pdl.5Au3.0 


no change 


Ag96.9Pd3.0Au0.1 


no change 


Ag95.5Pd3.0Aul.5 


no change 


Ag94.0Pd3.0Au3.0 


no change 


Ag99.8Ru0.1Au0.1 


no change 


Ag98.4RuO.lAul. 5 


no change 


Ag96.9Ru0.1Au3.0 


no change 


Ag98.4Rul.5Au0.1 


no change 


Ae97.0Rul.5Aul.5 


no change 


Ag95.5Rul.5Au3.0 


no change 


Ag96.9Ru3.0Au0.1 


no change 
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Ag95.5Ru3.0Aul. 5 


no change 


Ag94.0Ru3.0Au3.0 


no change 


Ag99.8Pd0. lRuO, 1 


no change 


Ag98.4PdO.lRul. 5 


no change 


Ag96.9Pd0.1Ru3.0 


no change 


Ag98.4Pdl.5Ru0.1 


no change 


Ag97.0Pdl.5Rul. 5 


no change 


Ag95.5Pdl.5Ru3.0 


no change 


Ag96.9Pd3.0Ru0.1 


no change 


Ag95.5Pd3.0Rul. 5 


no change 


Ag94.0Pd3.0Ru3.0 


no change 


AgAuX Table 3 Continued 


Material composition (wt%) 


Alkali solution 


Ag98.0Au2.0 


many black stains 


Ag97.0Au3.0 


moderate black stains 


Ag99.8Au0.lCu0.1 


no change 


Ag99.4Au0.5Cu0.1 


no change 


Ag98.1Au0.9Cul.0 


no change 


Ag98.9Aul.0Cu0.1 


no change 


Ag97.9Au2.0Cu0.1 


no change 


Ag96.9Au3.0Cu0.1 


no change 


Ag96.5Au3;0Cu0.5 


no change 


Ag94.0Au3.0Cu3.0 


no change 


Ag99.8Au0.lTi0.1 


no change 


Ag99.4Au0.5Ti0.1 


no change 


Ag98.1Au0.9Til.O 


no change 


Ag9 J 8.9Aul.0Ti0.1 


no change 


Ag§7.9Au2.0Ti0.1 


no change 


Ag96.9Au3.0Ti0.1 


no change 


Ag9b.5Au3.01i0.5 


no change 


Ag94.0Au3.0Ti3.0 


no change 


Ag99.8Au0.lCr0.1 


no change 


Ag98.4Au0.lCrl.5 


no change 


Ag96.9Au0.lCr3.0 


no change 


Ag98.4Aul.5Cr0.1 


no change 


Ag97.0Aul.5Crl.5 


no change 


Ag95.5Aul.5Cr3.0 


no change 


Ag96.9Au3.0Cr0.1 


no change 


Ag95.5Au3.0Crl.5 


no change 


Ag94.0Au3.0Cr3.0 


no change 


Ag99.8Au0.1Ta0.1 


no change 


Ag98.4Au0.1Ta 1.5 


no change 


Ag96.9Au0.1Ta3.0 


no change 


Ag98.4Aul.5Ta0.1 


no change 


Ag97.0Aul.5Tal. 5 


no change 


Ag95.5Aul.5Ta3.0 


no change 


Ag96.9Au3.0Ta0.1 


no change 


Ag95.5Au3.0Tal.5 


no change 


Ag94.0Au3.0Ta3.0 


no change 



28 



ArrQQ ft A ll H llMnO 1 
Agy iJ.oAUU- llVlOU. 1 


no rbflnffe 


Agyo.4AuU. 11V10 1.0 


11U kyll C*.ll£,\^ 


a„qc QAi,n iivyf^Q n 
Agyo.yAuu. livioo-u 


nn phflTlfyp 

IX ^ ^/llCLllgu 


Agy O . 4AU 1 . 01V10U . 1 


no chfinp'f* 


Ag9 / .UAUl.OlVlOl.O 


TIA f*I*1J}TlP'P 


Agyu.OAUl.OlviOo.U 


nn rhaTicrf* 

11 W Itllallg^ 


a„oc QAi,Q ni\/f^n i 
Agyb.yAuo.uiviou. i 


nn pTiflTlffP 

IXC v^xxcAXXgt; 


Agy 5 . oAuo. UMO 1 . 0 


Tin n n trp 


Ag94.0Auo.OMoo.U 


*nn /* Vi a t*i ore* 


A on o A a 1 XT 4 A 1 

Agyy.oAuO.lJNiU.l 




a no a A a i XT^ 1 c 

Ag98.4Au0.liNi 1.5 


v»n ^ n si n orp 


A n/> n A /"\ 1 "X O A 

Ag96.9Au0.11Ni3.U 


ti n /> ri O Tl (TD 


Ag98 . 4Au 1 . 5 JN iO . 1 


no cndiigc 


Ag97.0Aul.5JNil.o 




A a r r A 1 CKT'O A 

Ag95.5Aul.5JNid.U 


via />nQT1(TD 

nO CilaUKc 


Ag96.9Auo.UJNiu.l 


ti n t~*r\ q n cro 

11 U LrXlCHlgO 


A At* r A O A\T^ 1 C 

Ag95.5Au3.0IMil.5 


no ciiciiif^fc? 


A f\ A f\ A O A\T^ O A 

Ag94.0Au3.0lNi3.0 


no ondxiftt; 


A nn n 1 n *1 A 1A 1 

Ag99.8Au0. lAIO. 1 


no cnange 


A f\Ci A A n "1 A "1 *f C 

Ag98.4Au0.1A11.5 


no cnange 


Ag96.9AuO. 1A13.0 


no cliang© 


Ag98.4Aul.5A10.1 


no change 


Ag97.0Aul.5All. 5 


no change 


Ag9 5 . 5 Au V. 5 A13 . 0 


no change 


Ag96.9Au3.0A10. 1 


no change 


Ag95.5Au3.0All. 5 


no change 


Ag94.0Au3.0A13.0 


no change 


Ag99.8Au0.1Nb0.1 


no cnange 


A rt J A n -I Tw T1_ "1 C 

Ag9fi .4Au0. INb 1 . 5 


no cnange 


Ag96.9Au0.1Nb3.0 


no change 


A„QQ AAnl ^TSThfl 1 
Agi/O.^/lUl.OrN DU. J. 


no change 


Ag97.0Aul.5Nbl. 5 


no change 


Ag95.5Aul.5Nb3.0 


no change 


Ag96.9Au3.0Nb0.1 


no change 


Ag95.5Au3.0Nbl. 5 


no change 


Ag94.0Au3.0Nb3.0 


no change 



AgRuX Table 3 Continued 



Material composition (wt%) 


Alkali solution 


Ag98.0Ru2.0 


many black stains 


Ag97.0Ru3.0 


moderate black stains 


Ag99.8Ru0.1Cu0.1 


no change 


Ag99.4Ru0.5Cu0.1 


no change 


Ag98.1Ru0.9Cul.0 


no change 


Ag98.9Rul.0Cu0.1 


no change 


Ag97.9Ru2.0Cu0.1 


no change 


Ag96.9Ru3.0Cu0.1 


no change 


Ag96.5Ru3.0Cu0. 5 


no change 
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Ag94.0Ru3.0Cu3.0 


no change 


Ag99.8Ru0.1Ti0.1 


no change 


Ag99.4Ru0.5Ti0.1 


no change 


Ag98 lRu0.9Til.O 


no change 


Ag98.9Rul.0Ti0.1 


no change 


Ag97.9Ru2.0Ti0.1 


no change 


Ag96 9Ru3.0Ti0.1 


no change 


Ag96.5Ru3.0Ti0. 5 


no change 


Ag94.0Ru3.0Ti3.0 


no change 


Ag99.8Ru0.lCr0.1 


no change 


Ag98.4RuO.lCrl. 5 


no change 


Aff96 9Ru0.lCr3.0 


no change 


Aer98 4Rul.5Cr0.1 


no change 


AcrQ7 ORul 5Crl 5 


no change 


AjtQ5 5Rul 5Cr3 0 


no chanpe 


AcrQfi 9Ru3 OCrO 1 


no change 


Aff95 5Ru3.0Crl.5 


no change 


A$x94 0Ru3 0Cr3.0 


no change 


AaQQ 8RuO ITaO 1 


no change 


A<rQ8 4RuO ITal 5 


no change 


AtrQfi QRuO lTa3 0 


no change 


Ao-QR 4R«1 fiTaO 1 


no change 


Ao-Q7 ORnl JVTal 5 


no change 


Ao-Qf* ^"Rnl ^Ta3 0 


no change 


AtrQfi QRn3 OTaO 1 


no change 


AffOR fVRu3 OTal 5 


no change 


Ai?94 0Ru3 0Ta3.0 


no change 


A rrQQ 8RuO lMoO 1 


no change 


Ap-98 4RuO IMol 5 


no change 


Acr^fi 9RuO 1Mo3.0 


no change 


AaQ8 4Rul 5Mo0 1 


no change 


AcrQ7 ORul 5Mol 5 


no change 


A<rQ^ JVRul 5Mo3 0 


no change 


AcrQfi 9Rn3 OMoO 1 

rift Jv.vXlUU.V/l»Av»Vt 


no change 


A ^95 5Ru3 OMol.5 


no change 


A<rQ4 ORu3 0Mo3.0 


no change 


AcrQQ 8RuO lNiO 1 


no change 


Ap-98 4RuO lNil 5 


no change 


Aet96 9RuO lNi3.0 


no change 


AtrQ8 4Rul SNiO.l 


no change 


Aff97 ORul 5Nil.5 


no change 


Acr95 5Rul.5Ni3.0 


no change 


Ap-96 9Ru3 ONiO.l 


no change 


Ag95.5Ru3.0Nil. 5 


no change 


Ag94 0Ru3.0Ni3.0 


no change 


Aff99 8Ru0 1A10.1 


no change 


Ag98.4RuO.lAll. 5 


no change 


Ag96.9Ru0.1A13.0 


no change 


Ag98.4Rul.5A10.1 


no change 


Ag97.0Rul.5A11.5 


no change 


Ag95.5Rul.5A13.0 


no change 


Ae96.9Ru3.0AKLl 


no change 
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Ag95.5Ru3.0All. 5 


no change 


Ag94.0Ru3.0Al3.0 


no change 


Ag99.8Ru0.1Nb0.1 


no change 


Ag98.4Ru0.lNbl.5 


no change 


Ag96.9Ru0.1Nb3.0 


no change 


Ag98.4Rul.5Nb0.1 


no change 


Ag97.ORul.5Nbl. 5 


no change 


Ag95.5Rul.5Nb3.0 


no change 


Ag96.9Ru3.0Nb0.1 


no change 


Ag95.5Ru3.0Nb 1.5 


no change 


Ag94.0Ru3.0Nb3.0 


no change 



As shown in Table 3, the decrease in the reflection 
index was not observed with the Ag-alloy layers of the 
present invention of any composition. Thus, the ternary 
5 Ag-alloy layers are more stable to alkali solution than 
conventional layers, and the quality of the inventive 
layers was superior to the conventional layers. 

Next, the reflection index at 500nm and 800nm was 
10 measured in both layers. The range from 500 to 800 nm (565 
nm) is the standard optical wavelength range for liquid 
crystal display devices. As shown in Table 4, the 
reflection irfdex of the ternary Ag-alloy layers of the 
present invention was improved by 0.5-3.0 % compared with 
15 Al, the Al alloy, Ag, the binary Ag-alloy layers. 



Table 4 



Material composition (wt%) 


500mm wavelength 


800mm wavelength 




reflection index (%) 


reflection index (%) 


Al 


87.2 


84.5 


A196.0Mg4.0 


83.1 


82.3 


Al coated with acrylic resin 


79.4 


76.6 


Ag 


98.2 


98.8 


Ag98.0Pd2.0 


91.3 


94.5 


Ag97.0Pd3.0 


86.9 


92.1 


Ag99.8Pd0.lCu0.1 


98.0 


98.6 


Ag99.4Pd0.5Cu0.1 


98.0 


98.4 


Ag98.lPd0.9Cul.0 


97.8 


98.0 


Ag98.9Pdl.0Cu0.1 


94.4 


97.6 


Ag97.9Pd2.0Cu0.1 


91.4 


94.6 


Ag96.9Pd3.0Cu0.1 


87.5 


93.4 


Ag96.5Pd3.0Cu0.5 


87.3 


92.7 
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Ag94.0Pd3.0Cu3.0 


84.7 


91.1 


Ag99.8Pd0.1Ti0.1 


98.0 


98.6 


Ae99.4Pd0.5Ti0.1 


98.0 


98.4 


Ae98.1Pd0.9Til.O 


97.6 


97.9 


Ae98.9Pdl.0Ti0.1 


94.4 


97.6 


Ae97.9Pd2.0Ti0.1 


91.4 


94.6 


Ag96.9Pd3.0Ti0.1 


87.5 


93.4 


Ag96.5Pd3.0Ti0.5 


87.0 


92.5 


Ae94.0Pd3.0Ti3.0 


87.0 


90.7 


Ae99.8Pd0.1Cr0.1 


94.6 


94.7 


Ae98.4PdO.lCrl. 5 


91.7 


91.7 


Ae96.9Pd0.lCr3.0 


89.3 


89.7 


Ag98.4Pdl.5Cr0.1 


91.5 


91.7 


Ae97.OPdl.5Crl. 5 


86.8 


86.8 


Ae95.5Pdl.5Cr3.0 


84.2 


84.2 


Ae96.9Pd3.0Cr0.1 


85.6 


85.6 


Ae95.5Pd3.0Crl. 5 


83.5 


83.5 


Ae94.0Pd3.0Cr3.0 


82.7 


82.7 


Ag99.8Pd0.1Ta0.1 


94.6 


94.7 


Ae98.4Pd0.1Tal.5 


91.7 


91.7 


Ae96.9Pd0.1Ta3.0 


89.3 


89.7 


Ag98.4Pdl.5Ta0.1 


91.5 


91.7 


Ag97.0Pdl.5Tal. 5 


86.8 


86.8 


Ae95.5Pdl.5Ta3.0 


84.2 


84.2 


Ae96.9Pd3.0Ta0.1 


85.6 


85.6 


Ae95.5Pd3.0Tal.5 


83.5 


83.5 


Ae94.0Pd3.0Ta3.0 


82.7 


82.7 


Ae99.8Pd0.1Mo0.1 


94.6 


94.7 


Ag98.4Pd0.lMol.5 


91.7 


91.7 


Ag96.9Pd0.1Mo3.0 


89.3 


89.7 


Ag98.4Pdl.5Mo0.1 


91.5 


91.7 


Ae97.0Pdl.5Mol.5 


86.8 


86.8 


Ae95.5Pdl.5Mo3.0 


84.2 


84.2 


Ag96.9Pd3.0Mo0.1 


85.6 


85.6 


Ag95.5Pd3.0Mo 1.5 


83.5 


83.5 


Ae94.0Pd3.0Mo3.0 


82.7 


82.7 


Ae98.4Pd0.1Ni0.1 


96.1 


96.1 


Ae98.4Pd0.1Nil.5 


95.6 


95.6 


Ag96.9Pd0.1Ni3.0 


94.3 


94.8 


Ag98.4Pdl.5Ni0.1 


92.7 


93.7 


Ag97.0Pdl.5Nil. 5 


91.2 


92.1 


Ae95.5Pdl.5Ni3.0 


88.9 


90.7 


Ag96.9Pd3.0Ni0.1 


86.1 


88.9 


Ag95.5Pd3.0Nil. 5 


84.6 


86.2 


Ag94.0Pd3.0Ni3.0 


82.7 


84.6 


Ae99.8Pd0.1A10.1 


98.1 


98.7 


Ag98.4PdO.lAll. 5 


98.1 


98.4 


Ag96.9Pd0.1A13.0 


97.6 


Qft 1 

yo. l 


Ag98.4Pdl.5A10.1 . 


96.5 


97.6 


Ag97.0Pdl.5A11.5 


95.3 


96.8 


Ag95.5Pdl.5A13.0 


93.5 


95.9 


Ag96.9Pd3.0A10.1 


91 


94.6 
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Ap95.5Pd3.0All, 5 


88.6 


93 


Ae94.0Pd3.0A13.0 


86.1 


91.7 


Ae99.8Pd0.lNb0.1 


95 


95.3 


Ae98.4PdO.lNbl. 5 


94.4 


94.8 


Ae96.9Pd0.1Nb3.0 


93.8 


94.2 


Ae98.4Pdl.5Nb0.1 


92.4 


92.7 


A^97.0Pdl.5Nbl.5 


90.8 


91.4 


Ae95.5Pdl.5Nb3.0 


89.5 


90.2 


Ae96.9Pd3.0Nb0.1 


86.7 


87.9 


Ap95.5Pd3.0Nbl.5 


84.6 


85.9 


Ag94.0Pd3.0Nb3.0 


82.7 


84.7 


Ag99.8Pd0.1Au0.1 


96.7 


97.0 


Ae98.4Pd0.lAul.5 


96.4 


96.8 


As96.9Pd0.1Au3.0 


95.8 


96.1 


A^98.4Pdl.5Au0.1 


92.3 


94.5 


Ae97.0Pdl.5Aul.5 


92.1 


94.3 


Ae95.5Pdl.5Au3.0 


92.4 


95.0 


Ae96.9Pd3.0Au0.1 


85.1 


85.3 


Ag95.5Pd3.0Aul. 5 


83.2 


83.3 


Ae94.0Pd3.0Au3.0 


82.0 


82.8 


A^99 8Ru0.lAu0.1 


96.6 


97.1 


Ag98.4RuO.lAul. 5 


96.3 


96.7 


Ag96 9Ru0.1Au3.0 


95.8 


96.1 


Ag98.4Rul.5Au0.1 / 


92.4 


94.4 


Ag97 0Rul.5Aul.5 


92.1 


94.3 


Ag95.5Rul.5Au3.0 


92.4 


95.0 


Ag96.9Ru3.0Au0.1 


85.1 


85.3 


Ag95.5Ru3.0Aul. 5 


83.2 


83.2 


Ag94.0Ru3.0Au3.0 


82.0 


82.8 


Ag99 8Pd0.1&u0.1 


96.7 


97.1 


Ag98 .4PdO . lRu 1 . 5 


96.4 


96.6 


Ag96 9Pd0.1Ru3.0 


95.8 


96.5 


Ag98.4Pdl.5Ru0.1 


92.3 


93.5 


Ag97.0Pdl.5Rul. 5 


92.0 


94.3 


Ag95.5Pdl.5Ru3.0 


92.3 


95.0 


Ag96.9Pd3.0Ru0.1 


85.0 


85.3 


Ag95.5Pd3.0Rul.5 


83.3 


83.3 


Ap94.0Pd3.0Ru3.0 


82.1 


82.5 


AcAuX Table 4 Continued 


Material composition (wt%) 


500mm wavelength 


800mm wavelength 




reflection index (%) 


reflection index (%) 


Ag98.0Au2.0 


87.3 


92.2 


Ag97.0Au3.0 


86.1 


91.3 


Ag99.8Au0.lCu0.1 


98.2 


98.8 


Ag99.4Au0.5Cu0.1 


98.1 


98.5 


Ag98.lAuO.9Cu 1.0 


97.6 


98.0 


Ag98.9Aul.0Cu0.1 


96.5 


97.6 


Ag97.9Au2.0Cu0.1 


95.2 


96.9 


Ag96.9Au3.0Cu0.1 


93.7 


96.1 


Ag96.5Au3.0Cu0.5 


91.1 


94.7 
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Ag94.0Au3.0Cu3.0 


85.6 


V I .o 


Ae99.8Au0.1Ti0.1 


98.0 


QR ^ 
yo.o 


A^99.4Au0.5Ti0.1 


97.8 




Ae98.lAu0.9Til.O 


97.3 


Q7 Q 


Ag98.9Aul.0Ti0.1 


96.6 


y / .D 


Ae97.9Au2.0Ti0.1 


95.5 


Q7 1 


Ag96.9Au3.0Ti0.1 


93.9 


yo.O 


A?z96.5Au3.0Ti0.5 


92.3 


QFL 9 


Ap94.0Au3.0Ti3.0 


86.4 


on q 
yU.o 


Afr99.8Au0.1Cr0.1 


94.6 


QA 7 

y^. ( 


Ap98.4AuO.lCr 1.5 


93.4 




Ag96.9Au0.lCr3.0 


91.9 




A^98.4Aul.5Cr0.1 


90.2 


on 7 
yu. / 


Ag97.0Aul.5Crl.5 


88.5 


QO Q 

oa.o 


A^95.5Aul.5Cr3.0 


86.1 


QC n 
OD.D 


A^96.9Au3.0Cr0.1 


84.9 


DC O 


Ag95.5Au3.0Crl.5 


83.4 


Q Q Q 

oo.o 


Ag94.0Au3.0Cr3.0 


82.6 


QO C 


Ap99.8Au0.1Ta0.1 


95.1 


OK Q 

95. o 


Ae98.4Au0.1Ta 1.5 


94.6 


95. U 


Ap96.9Au0.lTa3.0 


93.4 


(\ A 1 

94.1 


Ag98.6Aul.5Ta0.1 


91.8 


oo k 


Ap97.0Aul.5Tal.5 


90.4 


91.2 


A?95.5Aul.5Ta3.0 


88.7 


89.9 


A^96.9Au3.0Ta0.1 


85.9 


87.6 


Ag95.5Au3.0Tal.5 


84.5 


85.9 


Ag94.0Au3.0Ta3.0 


82.8 


O A O 

84.2 


A^99 .8AuO. IMoO . 1 


94.8 


95.1 


Ae98.4Au0.1Mol.5 


94.2 


94.7 


Ap96.9Au0.13ilo3.0 


93.5 


94.0 


Ag98.4Aul.5Mo0.1 


92.3 


no o 


Ap97.0Aul.5Mol.5 


90.6 


91.5 


Ag95.5Aul.5Mo3.0 


89.7 


90. 6 


Ap96.9Au3.0Mo0.1 


86.8 


OO.fo 


Ag95.5Au3.0Mo 1.5 


84.6 


o r* a 

86.4 


A^94.0Au3.0Mo3.0 


82.7 


OA C 

©4.5 


Aft99.8Au0.1Ni0.1 


95.7 


95.9 


Ag98.4Au0.lNil.5 


95.2 


OK /I 

95.4 


A^96.9Au0.lNi3.0 


93.9 


€\ A Ct 

94. b 


A^98.4Aul.5Ni0.1 


92.3 


9o.o 


Ag97.0Aul.5Nil. 5 


90.8 


9 l.y 


Ag95.5Aul.5Ni3.0 


88.7 


yu.b 


Ag96.9Au3.0Ni0.1 


85.9 


QQ Q 
OO.O 


Ag95.5Au3.0Nil.5 


84.4 


Q£J 1 

ob.l 


Ag94.0Au3.0Ni3.0 


82.6 


Q A K 


A^99.8Au0.lA10.1 


98.0 


OQ C. 

98. b 


Ag98.4Au0.1A11.5 


97.9 


OQ O 

98. o 


Ag96.9Au0.1Ald.U 


97.5 


98.0 


Ag98.4Aul.5A10.1 


96.4 


97.5 


A^97.0Aul.5A11.5 


95.2 


96.7 


Ag95.5Aul.5A13.0 


93.4 


95.8 


Ag96.9Au3.0A10.1 


90.8 


94.4 
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Ag95.5Au3.0All. 5 


88.4 


92.8 


Ag94.0Au3.0A13.0 


85.9 


91.5 


Ae99.8Au0.1Nb0.1 


94.8 


95.1 


As98.4AuO.lNbl. 5 


94.3 


94.7 


Aff96.9Au0.1Nb3.0 


93.5 


94.1 


Aff98.4Aul.5Nb0.1 


92.1 


92.6 


Ag97.0Aul.5Nbl. 5 


90.5 


91.3 


Aff95.5Aul.5Nb3.0 


89.2 


90.1 


Ae96.9Au3.0Nb0.1 


86.4 


87.8 


As95.5Au3.0Nbl. 5 


84.3 


85.7 


Ae94.0Au3.0Nb3.0 


82.4 


84.5 


AgRuX Table 4 Continued 


Material composition (wt%) 


500mm wavelength 


800mm 
wavelength 




reflection index (%) 


reflection index 

{/Q) 


Ag98.0Ru2.0 


86.3 


Q 1 9 


Ag97.0Ru3.0 


86.0 


y i.o 


Ag99.8Ru0.1Cu0.1 


98.1 


no q 

yo.o 


Ag99.4Ru0.5Cu0.1 


98.0 


yo.o 


Ae98.1Ru0.9Cul.O 


97.6 


yo. i 


Ag98.9Rul.0Cu0.1 


96.5 


y # -O 


Aff97.9Ru2.0Cu0.1 


95.2 


Qfi ft 

yo.o 


Aff96.9Ru3.0Cu0.1 


93.7 


yo.u 


Aff96.5Ru3.0Cu0. 5 


91.1 




Aff94.0Ru3.0Cu3.0 




Q1 7 

»7 J.. / 


Aff99.8Ru0.1Ti0.1 


9o.O 


Oft A 


Aff99.4Ru0.5*Ti0.1 


07 1 

y /. / 




Ag98.lRu0.9Til.0 


y t .j. 


Q7 Q 


Aff98.9Rul.0Ti0.1 


yb.o 


Q7 ^ 


A*tQ7 QPn9 nTin 1 


95.4 


97.1 


Ae96.9Ru3.0Ti0.1 


93.8 


96.3 


Aff96.5Ru3.0Ti0.5 


92.1 


95.2 


Aff94.0Ru3.0Ti3.0 


86.4 


90.8 


Aff99.8Ru0.1Cr0.1 


94.6 


94.7 


Aff98.4Ru0.1Crl.5 


93.4 


92.6 


Aff96.9Ru0.1Cr3.0 


91.9 


92.4 


Aff98.4Rul.5Cr0.1 


90.5 


91.7 


Ac97.0Rul.5Crl.5 


88.2 


88.3 


Aff95.5Rul.5Cr3.0 


86.1 


86.6 


Aff96.9Ru3.0Cr0.1 


84.8 


84.2 


Aff95.5Ru3.0Crl.5 


83.3 


83.8 


Aff94.0Ru3.0Cr3.0 


82.4 


82.6 


Aff99.8Ru0.1Ta0.1 


95.0 


95.3 


Aff98.4Ru0.1Tal.5 


94.6 


95.0 


Aff96.9Ru0.1Ta3.0 


93.4 


94.1 


Aff98.4Rul.5Ta0.1 


91.8 


92.5 


Aff97.0Rul.5Tal.5 


90.4 


91.2 


Aff95.5Rul.5Ta3.0 


88.7 


89.9 


Aff96.9Ru3.0Ta0.1 


85.9 


87.6 
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Ae95.5Ru3.0TaL5 




85.9 


Ae94.0Ru3.0Ta3.0 




84.2 


Ap99.8Ru0.lMo0.1 


OA 1 


95.1 


Ap98.4RuO.lMo 1.5 


QA 1 


94.7 


Ae96.9Ru0.lMo3.0 


no o 

yo.o 


94.0 


Ap98.4Rul.5Mo0.1 


Q9 9 


92.9 


Ap97.0Rul.5Mol. 5 




91.5 


Ap95.5Rul.5Mo3.0 




91.3 


Ap96.9Ru3.0Mo0.1 


OO.O 


88.6 


Ae95.5Ru3.0Mol.5 


o4.o 


86.3 


Ap94.0Ru3.0Mo3.0 


oZ.b 


84.5 


Ap99.8Ru0.1Ni0.1 


9b. / 


97.2 


Ae98.4RuO.lNil. 5 


n£* K 

9b. 5 




Ap96.9Ru0.lNi3.0 


Off I 


96.3 


Afr98.4Rul.5Ni0.! 


yo.o 


95.8 


Ae97.0Rul.5Nil.5 




94.7 


Ae95.5Rul.5Ni3.0 


Ol 9 

y i.z 


93.3 


Ap96.9Ru3.0Ni0.1 


00.4 


91.7 


Ap95.5Ru3.0Nil.5 


85.0 


SKI 9 


Aff94.0Ru3.0Ni3.0 


83.5 




Ap99.8Ru0.lA10.1 


no n 

yo.o 


98.4 


Ae98.4RuO.lAll. 5 


97. y 


98.2 


Ap96.9Ru0.1A13.0 


nT C 

97.5 


98 1 


Ap98.4Rul.5A10.1 


96.4 




Ap97.0Rul.5A11.5 


95. z 


96 5 


Ap95.5Rul.5A13.0 


no /* 

9o.4 


95 8 


Ap96.9Ru3.0A10.1 


9U.O 


94 4 


Ap95.5Ru3.0All. 5 


00.4 


92.7 


Ae94.0Ru3.0A13.0 


85.4 


91.5 


Ae99.8Ru0.1^Tb0.1 


94.7 


95.2 


Ap98.4Ru0.1Nbl.5 


94. o 


94.7 


Ap96.9Ru0.lNb3.0 


93.4 


94.1 




Ap98.4Rul.5Nb0.1 


no 1 
9^.1 


92.5 






90.2 


91.3 


Ap95.5Rul.5Nb3.0 


88.1 


90.0 


Ag96.9Ru3.0Nb0.1 


85.2 


87.8 


Ae95.5Ru3.0Nbl. 5 


84.1 


85.7 


Ae94.0Ru3.0Nb3.0 


82.4 


84.5 



Thus, it was revealed that the Ag-alloy layers of 
present invention were very useful as reflectors or 
reflective wiring electrodes for reflection-type liquid 
crystal display devices. 



Example 3 

In this Example, the utility of the ternary Ag-alloy 
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layer as infrared-ray or heat-ray reflecting layers for 
building glass was studied. Further, the adaptability of 
the ternary layer to a resin substrate under high 
temperature and high humidity conditions was studied. 

The tests on weather resistance under high 
temperature and high humidity conditions were carried out 
with regard to the ternary Ag-alloy layers, compared with 
binary Ag-alloy layers including Ag-Pd alloy layers, Ag-Au 
alloy layers and Ag-Ru alloy layers. The ternary Ag-alloy 
layers were deposited on all kinds of substrates 
(substrates made of non-alkali glass, low-alkali glass, 
borosilicate glass, and quartz glass) by ternary 
simultaneous sputtering. The change of the Ag-alloy 

layers was examined over time in an atmosphere of 90 °C and 
90 % humidity. 

The tests for weather resistance were carried out 
with regard tjb monolayers of the ternary reflecting layers 
and laminates of the base film and the ternary reflecting 
layer. For the monolayers, the ternary reflecting layer 
was directly deposited on the substrate. For the laminates 
the base film such ITO, Zn0 2 , Zn0 2 -Al 2 0 3 composite oxide and 
Si0 2 was deposited on the substrate and then the Ag-alloy 
reflecting layer was deposited on the base film. The 
difference between the monolayers and the laminates was 
also evaluated. 

The results showed that both the monolayers of the 
ternary reflecting layer and the laminates of the base 
film and the Ag-alloy reflecting layer have higher weather 
resistance than the monolayers of the binary reflecting 
layers. The ternary reflecting layers maintained heat 
resistance, reflection index, and weather resistance, 



independent of the base film. It was confirmed that the 
ternary reflecting layers of the present invention were 
more useful than the conventional binary reflecting layer 
as infrared-ray or heat-ray reflecting layers for building 
5 glass such as windowpanes (data not shown) . 

Widely used conventional reflecting layers made of Al, 
an Al alloy f Ag, an Ag-Pd alloy react with a resin 
substrate at the adhesive interface when kept under high 
10 temperature and high humidity conditions. The following 
tests were conducted on the chemical stability of the 
reflecting layers of the present invention against the 
resin substrates under high temperature and high humidity 
conditions . 

15 

To confirm the chemical stability of the ternary 
reflecting layers of the present invention, the 
reflecting layers were deposited at a thickness of 15nm on 
the resin layer of PMMA, PET, PC, silicone, and the like 
20 by ternary simultaneous sputtering. The layers were kept 
under high temperature and high humidity conditions for 24 
hours. The change in appearance and reflection 
characteristics over time was examined. 

25 Table 5 



Material 
composition 
(wt%) 


Results of high temperature and high humidity tests 


Change in chemical 
characteristics (decrease in 
reflection index) 


Visual change to a dull 
white color, detachment 
from the substrate 


Ag98.0Pd2.0 


many black stains 


detachment occured 


A*97.0Pd3.0 


moderate black stains 


detachment occured 


Ag99.8PdO.lCuO. 
1 


no change 


less color change 


Ag99.4PdO.5CuO. 
1 


no change 


no change 


Ag98.lPdO.9Cul. 
0 


no change 


no change 


Ag98.9Pdl.0Cu0. 
1 


no change 


no change 



38 



Ag97.9Pd2.0Cu0. 
1 


no change 


no change 


Ag96.9Pd3.0Cu0. 
1 


no change 


no change 


Ag96.5Pd3.0Cu0. 
5 


no change 


no change 


Ag94.0Pd3.0Cu3. 
0 


no change 


no change 


Ag99.4Pd0.1Ti0.1 


no change 


no change 


Ag99.4Pd0.5Ti0.1 


no change 


no change 


Ag98.lPd0.9Til.O 


no change 


no change 


Ag98.9Pdl.0Ti0.1 


no change 


no change 


Ag97.9Pd2.0Ti0.1 


no change 


no change 


Ag96.9Pd3.0Ti0.1 


no change 


no change 


Ag96.5Pd3.0Ti0.5 


no change 


no change 


Ag94.0Pd3.0Ti3.0 


no change 


no change 


Ag99.8PdO.lAu0. 
1 


no change 


no change 


Ag98.4PdO.lAul. 
5 


no change 


no change 


Ag96.9PdO.lAu3. 
0 


no change 


no change 


Ag98.4Pdl.5AuO. 
1 


no change 


no change 


Ag97.0Pdl.5Aul. 
5 


no change 


no change 


Ag95.5Pdl.5Au3. 
0 


no change 


no change 


Ag96.9Pd3.0Au0. 
1 / 


no change 


no change 


Ag95.5Pd3.0Aul. 
5 


no change 


no change 


Ag94.OPd3.0Au3. 
0 


no change 


no change 


Ag99.8PdO.lCrO. 
1 


no change 


no change 


Ag98.4PdO.lCrl. 
5 


no change 


no change 


Ag96.9PdO.lCr3. 
0 


no change 


no change 


Ag98.4Pdl.5CrO. 
1 


no change 


no change 


Ag97.0Pdl.5Crl. 
5 


no change 


no change 


Ag95.5Pdl.5Cr3. 
0 


no change 


no change 


Ag96.9Pd3.0Cr0. 
1 


no change 


no change 


Ag95.5Pd3.0Crl. 
5 


no change 


no change 


Ag94.0Pd3.0Cr3. 

o 


no change 


no change 



39 



Ag99.8PdO.lTaO. 
1 


no change 


no change 


Ag98.4PdO.lTaL 
5 


no change 


no change 


Ag96.9PdO.lTa3. 
0 


no change 


no change 


Ag98.4Pdl.5Ta0. 
1 


no change 


no change 


Ag97.0Pdl.5Tal. 
5 


no change 


no change 


Ag95.5Pdl.5Ta3. 
0 


no change 


no change 


Ag96.9Pd3.0Ta0. 
1 


no change 


no change 


Ag95.5Pd3.0Tal. 
5 


no change 


no change 


Ag94.0Pd3.0Ta3. 
0 


no change 


no change 


Ag99.8Pd0.lMo0. 
1 


no change 


no change 


Ag98.4PdO.lMol. 
5 


no change 


no change 


Ag96.9PdO.lMo3. 
0 


no change 


no change 


Ag98.4Pdl.5MoO. 
1 


no change 


no change 


Ag97.0Pdl.5Mol. 
5 


no change 


no change 


Ag95.5Pdl.5Mo3. 
0 


no change 


no change 


Ag96.9Pd3.0Mo0. 
1 


no change 


no change 


Ag95.5Pd3.0Mol. 
5 


no change 


no change 


Ag94.0Pd3.0Mo3. 
0 


no change 


no change 


Ag98.4PdO.lNiO. 
1 


no change 


no change 


Ag98.4PdO.lNil. 5 


no change 


no change 


Ag96.9Pd0.1Ni3.0 


no change 


no change 


Ag98.4Pdl.5Ni0.1 


no change 


no change 


Ag97.0Pdl.5NiL 5 


no change 


no change 


Ag95.5Pdl.5Ni3.0 


no change 


no change 


Ag96.9Pd3.0Ni0.1 


no change 


no change 


Ag95.5Pd3.0NiL5 


no change 


no change 


Ag94.0Pd3.0Ni3.0 


no change 


no change 


Ag99.8Pd0. 1A10. 1 


no change 


no change 


Ag98.4Pd0.1A11.5 


no change 


no change 


Ag96.9Pd0.1A13.0 


no change 


no change 


Ag98.4Pdl.5A10.1 


no change 


no change 


Ag97.0Pdl.5All. 5 


no change 


no change 


Ag95.5Pdl.5A13.0 


no change 


no change 
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Ag96.9Pd3.0AI0.1 


no change 


no change 


AR95.5Pd3.0All. 5 


no change 


no change 


Ag94.0Pd3.0A13.0 


no change 


no change 


Ag99.8PdO.lNbO. 
1 


no change 


no change 


Ag98.4PdO.lNbl. 
5 


no change 


no change 


Ag96.9PdO.lNb3. 
0 


no change 


no change 


Ag98.4Pdl.5NbO. 
1 


no change 


no change 


Ag97.0Pdl.5Nbl. 
5 


no change 


no change 


Ag95.5Pdl.5Nb3. 
0 


no change 


no change 


Ag96.9Pd3.0Nb0. 
1 


no change 


no change 


Ag95.5Pd3.0Nbl. 
5 


no change 


no change 


Ag94.0Pd3.0Nb3. 
0 


no change 


no change 


Ag99.8Ru0.lAu0. 
1 


no change 


no change 


Ag98.4Ru0.lAul. 
5 


no change 


no change 


Ag96.9Ru0.lAu3. 
0 


no change 


no change 


Ag98.4Rul.5AuO. 
1 


no change 


no change 


Ag97.0Rul.5Au4. 
5 


no change 


no change 


Ag95.5Rul.5Au3. 
0 


no change 


no change 


Ag96.9Ru3.0Au0. 
1 


no change 


no change 


Ag95.5Ru3.0Aul. 
5 


no change 


no change 


Ag94.0Ru3.0Au3. 
0 


no change 


no change 


Ag99.8Pd0.lRu0. 
1 


no change 


no change 


Ag98.4Pd0.lRul. 
5 


no change 


no change 


Ag96.9PdO.lRu3. 
0 


no change 


no change 


Ag98.4Pdl.5RuO. 
1 


no change 


no change 


Ag97.0Pdl.5Rul. 
5 


no change 


no change 


Ag95.5Pdl.5Ru3. 
0 


no change 


no change 


Ag96.9Pd3.ORuO. 
1 


no change 


no change 
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Ag95.5Pd3.0Rul. 

5 


no change 


no change 


Ag94.0Pd3.0Ru3. 
0 


no change 


no change 


AgAuX 


Table 5 Continued 


Material 


Results of high temperature and high humidity tests 


composition 
(wt%) 


Change in chemical 
characteristics (decrease in 
reflection index) 


Visual change to a dull 
white color, detachment 
from the substrate 




many black stains 


detachment occured 


Ag97.0Au3.0 


moderate black stains 


detachment occured 


Agyy .oAuu. louu. 
1 


no change 


no change 


Ag99.4AuO.5CuO. 
1 


no change 


no change 


Agyb.lAuU.yCul. 
0 


no change 


no change 


Agyo.yAui.ucuu. 
1 


no change 


no change 


Ag97.9Au^.UL>uO. 
1 


no change 


no change 


Ag96.9Au3.0Cu0. 
1 


no change 


no change 


Agyb.5Auo.UCuU. 

O 


no change 


no change 


\ n QA HAiiQ nPnQ 

Agy4.UAU0.uou0. 
u 


no change 


no change 


A<rQQ fiAnH iTStfi 1 


no change 


no change 


AcrQQ AAiifl ^TiO 1 


no change 


no change 


AcrQA 1 Anfl QTil O 


no change 


no change 


Ag98.9Aul.0Ti0.1 


no change 


no change 


A*»Q7 QAii9 fvrsn 1 


no change 


no change 


AR96.9Au3.0Ti0.1 


no change 


no change 


Agyo.DAU 0. U 1 1U . £> 


no change 


no change 


Ag94.0Au3.0Ti3.0 


no change 


no change 


Agyy .oAuu. icru. 
1 


no change 


no change 


Agyo.4AuU.iCri.. 
5 


no change 


no change 


Agyb.yAuU. ICro. 
0 


no change 


no change 


Agyo.4Aul.oUrU. 
1 


no change 


no change 


AcQ7 f>Anl ^PtO 

5 


no change 


no change 


Ag95.5Aul.5Cr3. 
0 


no change 


no change 


Ag96.9Au3.0Cr0. 
1 


no change 


no change 
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Ag95.5Au3.0Crl. 
5 


no change 


no change 




Ag94.0Au3.0Cr3. 
0 


no change 


no change 


Ag99.8AuO.lTaO. 
1 


no change 


no change 


Ag98.4AuO.lTal. 
5 


no change 


no change 


Ag96.9AuO.lTa3. 
0 


no change 


no change 


Ag98.6Aul.5Ta0. 
1 


no change 


no change 


Ag97.0Aul.5Tal. 
5 


no change 


no change 


Ag95.5Aul.5Ta3. 
0 


no change 


no change 


Ag96.9Au3.0Ta0. 
1 


no change 


no change 


Aff95 5Au3 OTal. 
5 


no change 


no change 


Ap*)4 0Au3 0Ta3. 
0 


no change 


no change 


AcrQQ RAuO IMoO 

1 


no change 


no change 


A ^8 4AuO IMol. 
5 


no change 


no change 


Ap-96 9AuO 1Mo3 
0 


no change 


no change 


AjtQS 4Aul 5MoO. 

J L— 


no change 


no change 


A«r<)7 OAul 5Mol. 
5 


no change 


no change 


Ag95.5Aul.5Mo3. 
0 


no change 


no change 


AtrQfi 9Au3 OMoO. 

1 


no change 


no change 


Ae95 5Au3.0Mol. 
5 


no change 


no change 




A&94 0Au3.0Mo3. 
0 


no change 


no change 




Ag99.8AuO.lNiO. 
1 


no change 


no change 




Ag98.4AuO.lNil. 
5 


no change 


no change 




Ag96.9AuO.lNi3. 
0 


no change 


no change 




Ag98.4Aul.5Ni0. 
1 


no change 


no change 




Ag97.0Aul.5Nil. 
5 


no change 


no change 




Ag95.5Aul.5Ni3. 
0 


no change 


no change 
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Ag96.9Au3.0Ni0. 
1 


no change 


no change 


Ag95.5Au3.0Nil. 
5 


no change 


no change 


Ag94.0Au3.0Ni3. 
0 


no cnange 


no change 


Ag99 .8 AuO . 1 Alu . 
1 


no ciictiigt; 


no change 


A no A A,-A 1 All 

Ag9o.4AuU. lAll.o 




no change 


Ag96.9AuU. lAlo.U 


nr\ r»Vi Et n 
I1U L.IIdllftC 


no change 


Ag9 8 . 4Au 1 . o A1U . 1 


X1U L-Iidllftt; 


no change 


A rr rv A„1 C A 1 1 C 

Ag97.0Aul.5All.o 




no change 


Ap95.5Aul.5A13.0 


no change 


no change 


Ag96 . 9 Au 3 . 0 A10 . 1 


no cnange 


no change 


Ae95.5Au3.0A11.5 


no change 


no change 


Ag94.0Au3.0A13.0 


no change 


no change 


Ag99.8AuO.lNbO. 
1 


no change 


no change 


Ag98.4AuO.lNbl. 
5 


no change 


no change 


Ag96.9AuO.lNb3. 
0 


no change 


no change 


Ag98.4Aul.5NbO. 
1 


no change 


no change 


Ag97.0Aul.5Nbl. 
5 


no change 


no change 


Ag95.5Aul.5Nb3. 
0 


no change 


no change 


Ag96.9Au3.0Nb0. 
1 / 


no change 


no change 


Ag95.5Au3.0Nbl. 
5 


no change 


no change 


Ag94.0Au3.0Nb3. 
0 


no change 


no change 


ArftuX 


Table 5 Continued 


Material 
composition 
(wt%) 


Results of high temperature and high humidity tests 


Change in chemical 
characteristics (decrease in 
reflection index) 


Visual change to a dull 
white color, detachment 
from the substrate 


Ap98.0Ru2.0 


many black stains 


detachment occured 


Ag97.0Ru3.0 


moderate black stains 


detachment occured 


Ag99.8Ru0.lCu0. 
1 


no change 


no change 


Ag99.4Ru0.5Cu0. 

i 

j. 


no change 


no change 


Ag98.lRuO.9Cul. 
0 


no change 


no change 


Ag98.9Rul.0Cu0. 
1 


no change 


no change 
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Ag97.9Ru2.0Cu0. 
1 


no change 


no change 


Ag96.9Ru3.0Cu0. 
1 


no change 


no change 


Ag96.5Ru3.0Cu0. 
5 


no change 


no change 


Ag94.0Ru3.0Cu3. 
0 


no change 


no change 


Ag99.8Ru0.1Ti0.1 


no change 


no change 


Ag99.4Ru0.5Ti0.1 


no change 


no change 


A*98.1Ru0.9Til.O 


no change 


no change 


Agr98.9RuL0Ti0.1 


no change 


no change 


Ag97.9Ru2.0Ti0.1 


no change 


no change 


Ag96.9Ru3.0Ti0.1 


no change 


no change 


Ae96.5Ru3.0Ti0.5 


no change 


no change 


A£94.0Ru3.0Ti3.0 


no change 


no change 


Ag99.8RuO.lCrO. 
1 


no change 


no change 


Ag98.4RuO.lCrl. 
5 


no change 


no change 


Ag96.9RuO.lCr3. 
0 


no change 


no change 


Ag98.4Rul.5CrO. 
1 


no change 


no change 


Ag97.0Rul.5Crl. 
5 


no change 


no change 


Ag95.5Rul.5Cr3. 
0 


no change 


no change 


Ag96.9Ru3.0Cr0. 
1 


no change 


no change 


Ag95.5Ru3.0Crl. 
5 


no change 


no change 


Ag94.0Ru3.0Cr3. 
0 


no change 


no change 


Ag99.8RuO.lTaO. 
1 


no change 


no change 


Ag98.4Ru0.lTal. 
5 


no change 


no change 


Ag96.9Ru0.lTa3. 
0 


no change 


no change 


Ag98.4Rul.5Ta0. 
1 


no change 


no change 


Ag97.0Rul.5Tal. 
5 


no change 


no change 


Ag95.5Rul.5Ta3. 
0 


no change 


no change 


Ag96.9Ru3.0Ta0. 
1 


no change 


no change 


Ag95.5Ru3.0Tal. 
5 


no change 


no change 


Ag94.0Ru3.0Ta3. 
0 


no change 


no change 
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Ag99.8RuO.lMoO. 
1 


no change 


no change 


A^98 4RuO IMol 
5 


no rhan?p 


no change 


Ae-96 9RuO 1Mo3 
0 


no ohanpp 

1 A \S Vll C4.JIX V* 


no change 


ApQR 4Rul 5Mo0 

1 


no phfrncp 


no ohanEfp 


Asr97 ORul 5Mo 1 
5 


no pbfinfyp 

XX W v^XXCXXXgCT. 


no rhanefp 


0 


liVJ l^lldllgC 


no phiinfp 


AryQfi QP?il3 OMOD 

1 


Ti r\ i^VionCTP 

11 U c-iictiigc 


nn f* n si n orp 
nil ^iiaiigc 


AcrQ^ *VRn3 DMnl 

5 


JLLU CJJ-ClJLlgJt; 


Tin f*riciTio*£i 
IX U L/XlcLJLl^t; 


AcrQA fYR«3 nMn^ 

0 


yi ph o n era 
11 U Uilctilgti 


nn pnancro 
11 vj Cilcxllg t; 


ArrQQ fl^iifl I'Min 

1 


no cnaiigc 


Tin PnQMCfO 

11 U Cllctllgc 


AffQfl ATtnO iTNJil 

5 


HO tilallgc 


11 U Ullcillge 


AerQA QT?iiH 

0 


no cnange 


no ciicmge 


Ag*/ O . *k iXM X . 0 IN 1U . 
1 


no endnge 


110 cndiige 


ArrQ / 7 n"Rn1 £"Mt1 

5 


no change 


no change 


ArrQP; PiPnl 

AgiJO . D avU X . DIN 1 0 , 

0 


no cnange 


no endnge 


An-Qc qt?tiQ nXKn 

1 


no change 


no cnange 


AcrQP\ ^Rii^t HNTil 

t> 


no Cuallgc; 


11U UllcHlgfcJ 


Ap94 0Ru3 0Ni3 

o 


Tin oVlflTlCTQ 


nn /'nan cp 

llvJ V> XX <X XX g CJ 


AtrQQ 8RuO 1A10 

1 




no rhanffp 

llV7 V>llClllgQ 


Ae98 4RuO 1A11 5 


no change 


no change 


Aff96 9RuO 1A13 0 




no chansrp 


Ae98 4Rul 5A10 1 


no change 


no chancre 


Ag97.0Rul.5A11.5 


no change 


no change 


Ae95 5Rul 5A13 0 


no chanpfp 


no chansre 

Jllw v#xxcxxxf^w 


Ag96.9Ru3.0A10.1 


no change 


no change 


Aff95 5Ru3 0A11 5 

XX \J IS r I'll M. • \J±X± Xttr 


nn f*hfinP"P 


no rfiflnpp 


Ag94.0Ru3.0A13.0 


no change 


no change 


Ag99.8RuO. lNbO. 
1 


no chansrp 


no change 


Ag98.4RuO.lNbl. 
5 


no change 


no change 


Ag96.9RuO.lNb3. 
0 


no change 


no change 
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Ag98.4Rul.5NbO. 
1 


no change 


no change 


Ag97.0Rul.5Nbl. 
5 


no change 


no change 


Ag95.5Rul.5Nb3. 
0 


no change 


no change 


Ag96.9Ru3.0Nb0. 
1 


no change 


no change 


Ag95.5Ru3.0Nbl. 
5 


no change 


no change 


Ag94.0Ru3.0Nb3. 
0 


no change 


no change 



As shown in Table 5, no change was observed with the 
ternary Ag-alloy reflecting layers after 24 hours. When 
the reflection index of the ternary reflecting layer on 
the various resin substrates was measured by a 
spectrophotometer, no decrease in reflection index was 
observed at the optical wavelength of 565 nm, which is 
useful for reflection-type liquid crystal display devices, 
and in the optical wavelength regions from 400nm to 4/xm, 
which is required for building glass (data not shown) . 

The ternary reflecting layers of the present 
invention proved to have high chemical stability against 
resin and to be not limited to a particular substrate 
material unlike conventional layers. 

Example 4 

Adhesion between the ternary reflecting layers of the 
present invention and various substrates and the effect of 
the base film, which was placed between the reflecting 
layer and the substrate, on the adhesion were examined. 

Firstly, the reflecting layers were deposited 
directly on the substrates of PMMA, PET, PC, silicone, 
acrylic resin, non-alkali glass, low-alkali glass, 
borosilicate glass, and quartz glass by RF sputtering to 
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form a laminate. A JIS (Japanese Industrial Standard) 
cellophane tape was attached to the reflecting layer. The 
detachment of the reflecting layer from the substrate when 
the tape was stripped of at given tension was observed. In 
addion, the laminate was diced with a cutter and dipped in 
pure water in a beaker. Ultrasonic waves were applied to 
the pure water. The frequency of the ultrasonic waves was 
50KHz and the electric power was 100W. After the 
application of the ultrasonic waves, detachment of the 
reflecting layer was observed under a x40 microscope and 
the necessity of the base film was examined. 

No detachment was observed with PMMA, PET, PC, 
silicone, and acrylic resin. The reflecting layer of the 
present invention was much more adhesive to the resin 
substrates compared with conventional layers of Al, Al 
alloy, Ag, or Ag alloy. 

On the other hand, partially or extensive detachment 
was observed ^ith non-alkali glass, low-alkali glass, 
borosilicate glass, and quartz glass. The reflecting layer 
of the present invention had poor adhesion to the glass 
substrates although the degree of detachment is different 
in cases (data not shown) . 

Secondarily, to improve adhesion of the reflecting 
layer to the glass substrate or to attain high reflecting 
performance without impairing the reflection index of the 
reflecting layer, the base film of Si, Ta, Ti, Mo, Cr, Al, 
ITO, Zn0 2 , Si0 2 , Ti0 2/ Ta 2 O s , Zr0 2 , ln 2 0 3 , Sn0 2/ Nb 2 0 5/ or MgO 
was applied to the substrates of PMMA, PET, PC, silicone, 
acrylic resin, non-alkali glass, low-alkali glass, 
borosilicate glass, and quartz glass by RF sputtering. 
Then the ternary reflecting layer of the present invention 
was deposited on the base film by RF sputtering to form a 
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laminate- A strip of JIS cellophane tape was attached to 
the uppermost layer. The detachment of the reflecting 
layer from the substrate when the tape was stripped of at 
given tension was observed as described above. In addition, 
5 the laminate was diced with a cutter and dipped in pure 
water in a beaker. Ultrasonic waves were applied to the 
pure water. The frequency of the ultrasonic waves was 
50 KHz and the electric power was 100W. After the 
application of the ultrasonic waves, detachment of the 
10 reflecting layer was observed under a x40 microscope and 
the effect *of the base film was examined. 

As shown in Table 6, when the base film was used, no 
detachment was observed whether the reflecting layer was 
15 pure Ag or an Ag alloy. The reflection index of the 
reflecting layer used in the tests was measured by a 
spectrophotometer. Table 7 showed that not only the 
adhesion but also the reflection index were improved when 
a specific base film (Ti0 2 -Nb 2 0 5 ) was used. 



Table 6 



Material 
of base film 


Detachment tests 


5min 


lOmin 


15min 


20min 


In20 3 


no detachment 


no detachment 


no detachment 


no detachment 


SnOs 


no detachment 


no detachment^ 


no detachment 


no detachment 


Nb,O fi 


no detachment 


no detachment 


no detachment 


no detachment 


MgO 


no detachment 


no detachment 


no detachment 


no detachment 


ITO 


no detachment 


no detachment 


no detachment 


no detachment 


ZnO* 


no detachment 


no detachment 


no detachment 


no detachment 


Si0 2 


no detachment 


no detachment 


no detachment 


no detachment 


TiO, 


no detachment 


no detachment 


no detachment 


no detachment 


Ta 2 0 R 


no detachment 


no detachment 


no detachment 


no detachment 


Zr0 2 


no detachment 


no detachment 


no detachment 


no detachment 


Si 


no detachment 


no detachment 


no detachment 


no detachment 


Ta 


no detachment 


no detachment 


no detachment 


no detachment 


Ti 


no detachment 


no detachment 


no detachment 


no detachment 


Mo 


no detachment 


no detachment 


no detachment 


no detachment 


Cr 


no detachment 


no detachment 


no detachment 


no detachment 


Al 


no detachment 


no detachment 


no detachment 


no detachment 



Table 7 
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Material 


wavelength 
400.00 
nm 


wavelength 
450.00 
nm 


wavelength 
500.00 
nm 


wavelength 
550.00 
nm 


wavelength 
565.00 
nm 


reflection 
index 

/o/ \ 


reflection 
index 

/0/\ 


reflection 
index 

(/o) 


reflection 
index 


reflection 
index 
(%) 


pure Ag 


94.80 


96.60 


97.70 


97.90 


98.00 


AgPd 


92.30 


94.05 


95.12 


95.32 


95.42 


AgPdCu 


91.50 


92.40 


93.60 


94.10 


93.36 


AgPdTi 


88.90 


90.59 


91.62 


91.81 


91.90 


AgPdCr 


88.40 


90.08 


91.11 


91.29 


91.38 


AgPdTa 


88.30 


89.98 


91.00 


91.19 


91.28 


AgPdMo 


88.00 


89.67 


90.69 


90.88 


90.97 


AgPdNi 


88.20 


89.77 


90.89 


90.98 


91.17 


AsPdAl 


88.90 


90.49 


91.61 


91.70 


91.79 


AgPdNb 


88.80 


90.38 


91.51 


91.60 


91.79 


AgAu 


92.80 


94.56 


95.64 


95.83 


95.93 


AgAuCu 


92.46 


94.22 


95.29 


95.48 


95.58 


AffAuTi 


88.44 


90.12 


91.15 


91.33 


91.43 


AgAuCr 


88.56 


90.24 


91.27 


91.46 


91.55 


AgAuTa 


88.30 


89.98 


91.00 


91.19 


91.28 


AgAuNi 


88.00 


89.67 


90.69 


90.88 


90.97 


AgAuMo 


88.10 


89.77 


90.80 


90.98 


91.07 


AgAuPd 


89.00 


90.69 


91.72 


91.91 


92.00 


AgAuAl 


88.70 


90.39 


91.41 


91.60 


91.69 


AgAuNb 


88.60 


90.28 


91.31 


91.50 


91.59 


AgRu 


89.00 


90.69 


91.72 


91.91 


92.00 


AgRuCu 


88.45 


90.13 


91.16 


91.34 


91.44 


AgRuTi / 


88.34 


90.02 


91.04 


91.23 


91.32 


AgRuCr 


88.76 


90.45 


91.48 


91.66 


91.76 


AgRuTa 


88.23 


89.91 


90.93 


91.12 


91.21 


AgRuNi 


87.80 


89.47 


90.49 


90.67 


90.76 


AgRuMo 


88.44 


90.12 


91.15 


91.33 


91.43 


AgRuPd 


87.67 


89.34 


90.35 


90.54 


90.63 


AgRuAl 


88.97 


90.66 


91.69 


91.88 


91.97 


AgRuNb 


87.98 


89.65 


90.67 


90.86 


90.95 



Particularly, the base films of Ti0 2/ Ta 2 0 5/ Zr0 2 , ln 2 0 3 
Sn0 2 , Nb 2 0 5 , and Mg had high refraction indices and low 
absorptivities, as represented by In 2 0 3 -Nb 2 0 5 in Table 8. 
Changes in optical characteristics based on the refraction 
index were prevented in these films. 



Table 8 





ln 2 0 3 - 


ln 2 0 3 - 


ln 2 0 3 - 


ln 2 0 3 - 


ln 2 0 3 - 




15wt%Nb 2 


12.5wt%Nb 2 


10wt%Nb 2 


7.5wt%Nb 2 


5wt%Nb 2 O s 




0 S 


o s 




o s 
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refraction 
index 


refraction 
index 


refraction 
index 


refraction 
index 


refraction 
index 


40 
0 


2.34 


2.32 


2.34 


2.30 


2.34 


45 
0 


2.26 


2.25 


2.26 


2.23 


2.26 


50 
0 


2.22 


2.21 


2.21 


2.18 


2.20 


55 
0 


2.19 


2.18 


2.18 


2.16 


2.17 


56 
0 


2.19 


2.18 


2.17 


2.15 


2.17 



Example 5 

The effect of a coating layer on heat resistance 
5 and reflection index of the reflecting layer was examined. 
On the conventional Ag reflecting layers (pure Ag or 
binary Ag alloy) or the ternary reflecting layers of the 
present invention, a coating layer that includes ln 2 0 3 as a 
main component and at least one of Sn0 2 , Nb 2 0 5 , Si0 2 , MgO 
10 and Ta 2 0 5 was deposited to form a laminate. The laminate 
was annealed at the temperature 250 °C, which is the 
temperature c^pplied to the substrate during the 
manufacturing process of the liquid crystal display device. 

15 Without a coating layer, the optical absorptivity of 

reflecting layer increased after annealing, which led to 
deterioration of the layer, as shown in Table 9. The 
experimental data of optical absorptivity when the coating 
layer was used for heat resistance were shown in Tables 10 

20 to 12. 

Table 9 



without a coating layer 



Material 


anneal 


as-depo 




wave- 


wave- 


wave- 


wave- 


wave- 


wave- 




wave- 


wave- 


wave- 


wave- 




length 


length 


length 


length 


length 


length 




length 


length 


length 


length 




400 


450 


500 


550 


565 


400 




450 


500 


550 


565 




nm 


nm 


nm 


nm 


nm 


nm 




nm 


nm 


nm 


nm 
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tivity 
(%) 


tivity 

(%) 


d. USUI JJ 

tivity 
(%) 


dusuip - 

tivity 
(%) 


tivity 

(%) 


tivity 
(%) 


ahsnrn. 

tivity 

(%) 


tivity 

(%) 


tivity 

(%) 


tivity 
(%) 


pure Ag 


5.2 


3.6 


2.8 


2.8 


1.9 


5 


3.2 


2.1 


2.6 


1.8 


AgPd 


6.4 


5.5 


6.3 


5.5 


5.1 


6.0 


5.2 


6.1 


5.4 


5.0 


AgPdCu 


6.6 


5.7 


6.5 


5.8 


5.5 


6.5 


5.6 


6.2 


5.7 


5.1 


AgPdTi 


6.9 


5.9 


6.6 


5.7 


5.5 


6.7 


5.8 


6.4 


5.6 


5.3 


AgPdCr 


6.8 


5.9 


6.5 


5.7 


5.3 


6.6 


5.8 


6.3 


5.5 


5.0 


AgPdTa 


6.6 


5.8 


6.6 


5.8 


5.3 


6.4 


5.5 


6.3 


5.6 


5.0 


AgPdMo 


6.8 


6.9 


6.4 


5.5 


5.5 


6.6 


6.7 


6.3 


5.5 


5.2 


AgPdNi 


6.7 


5.7 


6.2 


5.5 


5.4 


6.4 


5.7 


5.9 


5.5 


5.1 


AgPdAl 


6.6 


6.6 


6.4 


5.5 


5.2 


6.5 


6.5 


6.2 


5.5 


5.1 


AgPdNb 


6.7 


5.8 


6.3 


5.7 


5.1 


6.5 


5.7 


6.3 


5.4 


4.9 


AgAu 


6.3 


5.3 


6.2 


5.3 


5.0 


6.0 


5.1 


6.0 


5.2 


5.0 


AgAuCu 


7.4 


6.7 


7.2 


6.2 


6.2 


7.1 


6.5 


7.0 


6.1 


6.0 


AgAuTi 


6.6 


5.8 


6.4 


5.7 


5.3 


6.4 


5.2 


6.3 


5.6 


5.2 


AgAuCr 


6.8 


5.9 


6.6 


5.8 


5.5 


6.7 


5.8 


6.4 


5.6 


5.3 


AgAuTa 


6.9 


5.9 


6.5 


5.7 


5.3 


6.6 


5.8 


6.3 


5.6 


5.2 


AgAuNi 


6.8 


5.9 


6.3 


5.7 


5.4 


6.5 


5.8 


6.1 


5.6 


5.2 


AgAuMo 


6.7 


6.8 


6.4 


5.6 


5.4 


6.6 


6.7 


6.3 


5.5 


5.2 


AgAuPd 


7.5 


6.3 


7.5 


6.3 


6.2 


7.1 


6.1 


7.0 


6.2 


6.0 


AgAuAl 


6.7 


6.7 


6.5 


5.6 


5.4 


6.6 


6.5 


6.3 


5.5 


5.2 


AgAuNb 


6.8 


5.9 


6.4 


5.7 


5.2 


6.6 


5.8 


6.3 


5.5 


5.0 


AgRu 


6.3 


5.4 


6.2 


5.3 


5.2 


6.1 


5.1 


6.0 


5.3 


5.1 


AgRuCu 


6.8 


5.9 


6.4 


5.7 


5.2 


6.4 


5.5 


6.3 


5.6 


5.0 


AgRuTi 


6.7 


5.9 


6.5 


5.6 


5.2 


6.6 


5.8 


6.3 


5.5 


5.0 


AgRuCr 


6.7 


5.9 


6.6 


5.7 


5.3 


6.5 


5.7 


6.3 


5.5 


5.0 


AgRuTa 


6.5 


5.8 


6.7 


5.7 


5.2 


6.4 


5.5 


6.3 


5.6 


5.0 


AgRuNi 


7.3 


,6.6 


7.5 


6.3 


6.3 


7.1 


6.4 


7.0 


6.1 


6.0 


AgRuMo 


7.3 


6.8 


7.3 


6.2 


6.2 


7.1 


6.3 


7.1 


6.1 


6.0 


AgRuPd 


6.7 


6.8 


6.4 


5.5 


5.3 


6.6 


6.6 


6.2 


5.4 


5.2 


AgRuAl 


6.8 


6.9 


6.4 


5.6 


5.3 


6.6 


6.7 


6.3 


5.5 


5.2 


AgRuNb 


6.8 


6.9 


6.3 


5.6 


5.4 


6.5 


6.6 


6.1 


5.5 


5.2 



Table 10 

Si0 2 /Ag alloy 



Material 


Si0 2 anneal 


Si0 2 as-depo 


wave- 
length 

400 

nm 


wave- 
length 

450 

nm 


wave- 
length 

500 

nm 


wave- 
length 

550 

nm 


wave- 
length 

565 

nm 


wave- 
length 

400 

nm 


wave- 
length 

450 

nm 


wave- 
length 

500 

nm 


wave- 
length 

550 

nm 


wave- 
length 

565 

nm 


absorp- 
tivity 
(%) 


absorp- 
tivity 
(%) 


absorp- 
tivity 
(%) 


absorp- 
tivity 

(%> 


absorp- 
tivity 

(%> 


absorp- 
tivity 
(%) 


absorp- 
tivity 

(%) 


absorp- 
tivity 

(%» 


absorp- 
tivity 
(%) 


absorp- 
tivity 

(%> 


pure Ag 


26.5 


11.65 


4.92 


4.72 


5.02 


34.5 


16.64 


5.81 


5.71 


5.05 


AgPd 


26.8 


12.59 


5.68 


5.23 


6.96 


27.8 


14.59 


8.68 


6.23 


8.98 


AgPdCu 


27.09 


13.06 


8.94 


6.77 


6.28 


35.8 


18.64 


11.91 


8.74 


8.0.5 


AgPdTi 


36.5 


17.54 


11.45 


8.58 


7.59 


36.8 


17.68 


11.85 


8.76 


8.00 


AgPdCr 


35.5 


18.45 


10.59 


8.58 


7.96 


35.9 


18.65 


10.69 


8.75 


8.04 


AgPdTa 


36.1 


18.44 


11.34 


8.50 


7.58 


36.2 


18.54 


11.54 


8.54 


8.02 
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AgPdMo 


36.4 


18.57 


11.15 


8.41 


7.21 


36.5 


18.67 


11.59 


8.45 


7.25 


AgPdNi 


35.78 


18.21 


11.07 


8.29 


7.37 


36.29 


18.55 


10.94 


8.25 


7.11 


AgPdAl 


35.89 


18.15 


10.8 


8.33 


7.64 


36.58 


18.41 


11.39 


8.42 


7.76 


AgPdNb 


35.88 


18.13 


10.86 


8.29 


6.93 


36.99 


18.53 


11.08 


8.26 


7.1 


AgAu 


26.2 


12.31 


5.50 


5.10 


7.99 


27.7 


14.45 


8.52 


6.12 


8.85 


AgAuCu 


36.1 


17.53 


11.45 


8.58 


7.25 


36.5 


18.66 


11.25 


8.25 


7.36 


AgAuTi 


35.4 


18.40 


10.59 


8.58 


7.96 


36.3 


17.67 


11.80 


8.73 


8.00 


AgAuCr 


36.0 


18.32 


11.34 


8.50 


7.58 


36.2 


18.64 


10.25 


8.75 


8.04 


AgAuTa 


36.3 


18.44 


11.15 


8.41 


7.21 


36.5 


18.53 


11.55 


8.54 


8.00 


AgAuNi 


36.0 


18.31 


11.32 


8.50 


7.58 


36.4 


18.66 


11.20 


8.41 


7.25 . 


AgAuMo 


36.0 


18.35 


11.58 


8.50 


7.58 


36.8 


17.65 


11.84 


8.73 


8.00 


AgAuPd 


36.3 


18.58 


11.14 


8.41 


7.21 


37.0 


18.61 


10.21 


8.74 


8.02 


AgAuAl 


36.1 


18.24 


11.05 


8.45 


7.85 


36.7 


18.51 


11.52 


8.56 


8.00 


AgAuNb 


36.1 


18.25 


11.11 


8.41 


7.14 


37.1 


18.62 


11.21 


8.41 


7.24 


AgRu 


26.5 


12.45 


5.55 


5.25 


7.96 


27.7 


14.59 


8.75 


6.35 


8.99 


AgRuCu 


36.0 


17.52 


11.45 


8.58 


7.25 


36.4 


17.66 


11.81 


8.73 


7.56 


AgRuTi 


35.3 


18.49 


10.59 


8.58 


7.96 


36.2 


18.64 


10.24 


8.75 


7.35 


AgRuCr 


35.8 


18.30 


11.34 


8.50 


7.58 


36.1 


18.52 


11.55 


8.54 


8.00 


AgRuTa 


36.2 


18.42 


11.15 


8.41 


7.21 


36.4 


18.65 


11.21 


8.42 


7.52 


A i > Tw.T-1 

AgKuJNi 


ob.l 


lo.oo 


11. do 


o.oU 


/.DO 


oo.y 


X /.t>4 


1 1 Q.A 
11. o4 


Q HI 


o.Ul 


AgRuMo 


36.1 


18.34 


11.58 


8.50 


7.58 


36.8 


18.60 


10.22 


8.72 


8.02 


ArftuPd 


36.2 


18.59 


11.28 


8.41 


7.21 


37.1 


18.50 


11.51 


8.51 


7.96 


AgRuAl 


36.3 


18.55 


11.18 


8.41 


7.21 


36.5 


18.61 


11.20 


8.42 


7.24 


AgRuNb 


36.5 


18.24 


11.11 


8.41 


7.21 


37.2 


18.41 


10.12 


8.85 


8.12 



Table 11 

In 2 0 3 -15Nb 2 0 5 /Ag alloy 



Material 


Hi-R annual 


Hi-R as-depo 


wave- 
length 

400 

nm 


wave- 
length 

450 

nm 


wave- 
length 

500 

nm 


wave- 
length 

550 

nm 


wave- 
length 

565 

nm 


wave- 
length 

400 

nm 


wave- 
length 

450 

nm 


wave- 
length 
500 
nm 


wave- 
length 

550 

nm 


wave- 
length 

565 

nm 


absorp- 
tivity 
(%) 


absorp- 
tivity 
(%) 


absorp- 
tivity 
(%) 


absorp- 
tivity 
(%) 


absorp- 
tivity 
(%) 


absorp- 
tivity 
(%) 


absorp- 
tivity 
(%) 


absorp- 
tivity 
(%) 


absorp- 
tivity 
(%) 


absorp- 
tivity 
(%) 


pure Ag 


13.27 


3.48 


2.57 


2.35 


2.25 


19.84 


7.03 


3.21 


4.28 


4.24 


AgPd 


15.77 


5.34 


3.93 


3.90 


3.802 


22.15 


8.83 


4.57 


5.80 


5.78 


AgPdCu 


16.57 


6.24 


4.67 


4.68 


4.49 


22.89 


9.69 


5.30 


6.56 


6.43 


AgPdTi 


19.17 


9.16 


7.64 


7.65 


7.47 


25.29 


12.51 


8.25 


9.47 


9.35 


AgPdCr 


19.67 


9.72 


8.21 


8.22 


8.04 


25.75 


13.05 


8.82 


10.03 


9.91 


AgPdTa 


19.77 


9.84 


8.33 


8.34 


8.15 


25.85 


13.16 


8.93 


10.14 


10.02 


AgPdMo 


20.07 


10.17 


8.67 


8.68 


8.50 


26.12 


13.48 


9.27 


10.48 


10.36 


AgPdNi 


19.85 


10.07 


8.42 


8.47 


8.31 


26.01 


13.37 


9.01 


10.33 


10.22 


AgPdAl 


19.16 


9.3 


7.63 


7.75 


7.49 


25.36 


12.63 


8.36 


9.56 


9.34 


AgPdNb 


19.25 


9.38 


7.73 


7.87 


7.6 


25.46 


12.74 


8.46 


9.66 


9.54 


AgAu 


15.27 


4.78 


3.18 


3.19 


3.00 


21.69 


8.28 


3.82 


5.10 


4.98 


AgAuCu 


15.61 


5.16 


3.57 


3.58 


3.39 


22.00 


8.65 


4.21 


5.48 


5.36 


AgAuTi 


19.63 


9.68 


8.17 


8.18 


7.99 


25.72 


13.01 


8.78 


9.99 


9.87 


AgAuCr 


19.51 


9.54 


8.03 


8.04 


7.86 


25.61 


12.88 


8.64 


9.85 


9.73 


AgAuTa 


19.77 


9.84 


8.33 


8.34 


8.15 


25.85 


13.16 


8.93 


10.14 


10.02 


AgAuNi 


20.07 


10.17 


8.67 


8.68 


8.50 


26.12 


13.48 


9.27 


10.48 


10.36 
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AgAuMo 


19.97 


10.06 


8.56 


8.56 


8.38 


26.03 


13.37 


9.16 


10.37 


10.25 


AgAuPd 


19.07 


9.05 


7.53 


7.54 


7.35 


25.20 


12.40 


8.14 


9.36 


9.24 


AgAuAl 


19.37 


9.39 


7.87 


7.88 


7.70 


25.48 


12.72 


8.48 


9.70 


9.58 


AgAuNb 


19.47 


9.50 


7.98 


7.99 


7.81 


25.57 


12.83 


8.59 


9.81 


9.69 


AgRu 


19.07 


9.05 


7.53 


7.54 


7.35 


25.20 


12.40 


8.14 


9.36 


9.24 


AgRuCu 


19.62 


9.67 


8.16 


8.16 


7.98 


25.71 


12.99 


8.76 


9.98 


9.86 


AgRuTi 


19.73 


9.79 


8.28 


8.29 


8.11 


25.81 


13.11 


8.89 


10.10 


9.98 


AgRuCr 


19.31 


9.32 


7.80 


7.81 


7.63 


25.42 


12.66 


8.41 


9.63 


9.51 


AgRuTa 


19.84 


9.92 


8.41 


8.42 


8.23 


25.91 


13.23 


9.01 


10.22 


10.10 


AgRuNi 


20.27 


10.40 


8.90 


8.91 


8.73 


26.31 


13.70 


9.50 


10.70 


10.58. 


AgRuMo 


19.63 


9.68 


8.17 


8.18 


7.99 


25.72 


13.01 


8.78 


9.99 


9.87 


AgRuPd 


20.40 


10.55 


9.05 


9.06 


8.88 


26.43 


13.84 


9.65 


10.85 


10.73 


AgRuAl 


19.10 


9.08 


7.56 


7.57 


7.39 


25.23 


12.43 


8.17 


9.39 


9.27 


AgRuNb 


20.09 


10.20 


8.69 


8.70 


8.52 


26.14 


13.50 


9.30 


10.50 


10.38 
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Table 12 



ITO/Ag alloy 



Material 


ITO anneal 


ITO as-depo 


wave- 
length 
400 nm 


wave- 
length 
450 nm 


wave- 
length 
500 nm 


wave- 
length 
550 nm 


wave- 
length 
565 nm 


wave- 
length 
400 nm 


wave- 
length 

a tin 

4oll nm 


wave- 
length 
□uu nm 


wave- 
length 

CCA 

^l>U nm 


wave- 
length 
obr> nm 


absorp- 
tivity 
(%) 


absorp- 
tivity 
(%) 


absorp- 
tivity 

(%) 


absorp- 
tivity 
(%) 


absorp- 
tivity 
(%) 


absorp- 
tivity 
(%) 


absorp- 
tivity 
(%) 


absorp- 
tivity 
(%) 


absorp- 
tivity 
(%) 


absorp- 
tivity 
(%) 


-r-\ 1 1 A rr 

pure Ag 


15.56 


4.87 


3.63 


4.64 


1.82 


19.05 


4.27 


1.77 


1.52 


5.02 


AePd 


18.06 


7.69 


6.49 


7.47 


4.73 


21.55 


7.23 


4.81 


4.57 


7.95 


AgPdCu 


18.86 


8.59 


7.40 


8.37 


5.66 


22.35 


8.18 


5.78 


5.54 


8.89 


AgPdTi 


21.46 


11.52 


10.37 


11.31 


8.68 


24.95 


11.26 


8.94 


8.71 


11.94 


AgPdCr 


21.96 


12.09 


10.94 


11.87 


9.27 


25.45 


11.85 


9.54 


9.31 


12.53 


AgPdTa 


22.06 


12.20 


11.05 


11.99 


9.38 


25.55 


11.97 


9.67 


9.44 


12.65 


AgPdMo 


22.36 


12.54 


11.40 


12.32 


9.73 


25.85 


12.32 


10.03 


9.80 


13.00 


AgPdNi 


22.14 


12.42 


11.15 


12.11 


9.54 


25.74 


12.21 


9.77 


9.65 


12.86 


AgPdAl 


21.45 


11.66 


10.37 


11.4 


8.64 


25.04 


11.4 


9.07 


8.83 


11.96 


AgPdNb 


21.54 


11.75 


10.46 


11.53 


8.82 


25.14 


11.52 


9.19 


8.92 


12.14 


AgAu 


17.56 


7.13 


5.92 


6.90 


4.15 


21.05 


6.64 


4.20 


3.96 


7.36 


AgAuCu 


17.90 


7.51 


6.30 


7.29 


4.54 


21.39 


7.04 


4.61 


4.37 


7.76 


AgAuTi 


21.92 


12.04 


10.89 


11.83 


9.22 


25.41 


11.80 


9.50 


9.27 


12.48 


AgAuCr 


21.80 


11.91 


10.76 


11.69 


9.08 


25.29 


11.66 


9.35 


9.12 


12.34 


AgAuTa 


22.06 


12.20 


11.05 


11.99 


9.38 


25.55 


11.97 


9.67 


9.44 


12.65 


AgAuNi 


22.36 


12.54 


11.40 


12.32 


9.73 


25.85 


12.32 


10.03 


9.80 


13.00 


AgAuMo 


22.26 


12\43 


11.28 


12.21 


9.62 


25.75 


12.20 


9.91 


9.68 


12.88 


AgAuPd 


21.36 


11.41 


10.25 


11.19 


8.57 


24.85 


11.14 


8.82 


8.58 


11.83 


AgAuAl 


21.66 


11.75 


10.60 


11.53 


8.92 


25.15 


11.49 


9.18 


8.95 


12.18 


AgAuNb 


21.76 


11.86 


10.71 


11.65 


9.03 


25.25 


11.61 


9.30 


9.07 


12.30 


AgRu 


21.36 


11.41 


10.25 


11.19 


8.57 


24.85 


11.14 


8.82 


8.58 


11.83 


AgRuCu 


21.91 


12.03 


10.88 


11.82 


9.21 


25.40 


11.79 


9.48 


9.25 


12.47 


AgRuTi 


22.02 


12.15 


11.01 


11.94 


9.34 


25.51 


11.92 


9.62 


9.39 


12.60 


AeRuCr 


21.60 


11.68 


10.53 


11.47 


8.85 


25.09 


11.42 


9.11 


8.88 


12.11 


AgRuTa 


22.13 


12.28 


11.13 


12.06 


9.46 


25.62 


12.05 


9.75 


9.52 


12.73 


AgRuNi 


22.56 


12.76 


11.62 


12.55 


9.96 


26.05 


12.56 


10.27 


10.04 


13.23 


AgRuMo 


21.92 


12.04 


10.89 


11.83 


9.22 


25.41 


11.80 


9.50 


9.27 


12.48 


AgRuPd 


22.69 


12.91 


11.77 


12.70 


10.12 


26.18 


12.71 


10.43 


10.20 


13.39 


AgRuAl 


21.39 


11.44 


10.29 


11.23 


8.60 


24.88 


11.17 


8.85 


8.62 


11.86 


AgRuNb 


22.38 


12.56 


11.42 


12.35 


9.75 


25.87 


12.34 


10.05 


9.82 


13.02 



Table 11 showed that optical absorptivity of the 
5 reflecting layer was reduced much more after annealing in 
the reflecting layer with the coating layer of the present 
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invention than the reflecting layer without the coating 
layer. The In 2 0 3 -15 wt% Nb 2 0 5 coating layer of the present 
invention in Table 11 had lower absorptivity than the Si0 2 
coating layer in Table 10 and the ITO coating layer in 
5 Table 12. 

Table 13 showed that the optical characteristics of a 
three-layer laminate that includes a base film, reflecting 
layer, and a coating layer after annealing at about 250 °C 
10 were similar to those in Tables 9 to 12. The adhesion of 
the laminate was also as good as the laminate in Table 6. 
The three-layer laminate was superior in both optical 
characteristics and adhesion. 

15 The optical characteristics of the three-layer 

laminate was not impaired by through the use of the 
coating layer. On the contrary, when the coating layer 
including ln 2 0 3 as a main component and 1-30 wt% Nb 2 0 5 was 
used, reflection index was increased by 1 %-6 % and the 

20 absorptivity /Was lowered after annealing at about 250 °C 

ln 2 0 3 . Table 14 showed that improved reflection index and 
good optical characteristics can be obtained even when the 
thinner coating layers are used. 
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Table 13 

absorptivity 





In,0,-5wt% Nb,O s 




©no heating 


®150 °C 


®300 °c 


566 


10.88 


10.24 


15.3 


564 


10.67 


10.04 


15.06 


550 


9.38 


8.829 


13.6 


500 


7.104 


7.071 


8.297 


450 


13.42 


14.38 


7.922 


400 


26.96 


27.49 


19.93 




In,O»-10wt% Nb,0 K 




©no heating 


(D150 °c 


®300 °C 


566 


11.13 


12.39 


13.11 


564 


10.91 


12.16 


12.88 


550 


9.639 


10.71 


11.42 


500 


7.113 


7.166 


7.236 


450 


12.72 


11.8 


9.97 


400 


27.29 


26.6 


24.28 




In,0,-15wt% Nb.0. 




©no heating 


©150 °C 


®300 °C 


566 


15.97 


18.42 


20.29 


564 


15.74 


18.17 


20.04 


550 


14.32 


16.69 


18.63 


500 


9.059 


10.57 


12.36 


450 


7.363 


7.168 


7.21 


400 


17.19 


16.56 


13.33 
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Table 14 



Change in reflection index of the reflecting layer with the change 
5 in thickness of the In 2 0 3 +Nb 2 0 5 coating layer 



^thickness 
A [nm] ^\ 


5 nm 


49 nm 


70 nm 


74 nm 


before 
heating 


after 
heating 


before 
heating 


after 
heating 


before 
heating 


after 
heating 


after 
heating 


556 


92.99 


91 


85.61 


88.68 


83.15 


91.32 


95.27 


554 


92.91 


90.85 


85.62 


88.69 


83.18 


91.29 


95.28 


552 


92.84 


90.74 


85.63 


88.67 


83.2 


91.39 


95.28 


550 


92.92 


90.74 


85.69 


88.72 


83.35 


91.5 


95.33 


500 


90.88 


87.82 


85.22 


88.37 


83.56 


91.47 


95.13 


450 


85.71 


79.83 


82.88 


85.02 


80.93 


87.77 


no cc 

yo.oo 


400 


74.72 


70.22 


80.63 


84.96 


79.47 


85.35 


83.23 


^thickness 
A [nm] ^\ 


85 nm 


90 nm 


100 nm 




before 
heating 


after 
heating 


before 
heating 


after 
heating 


before 
heating 


after 
heating 


556 


86.8 


93.4 


81.44 


91.28 


83.36 


91.97 


554 


86.78 


93.36 


81.47 


91.29 


83.3 


91.97 


552 


86.81 


93.37 


81.5 


91.39 


83.31 


92.04 


550 


86.89 


93.43 


81.61 


91.52 


83.39 


92.14 


500 


86.02 


92.98 


81.96 


92.18 


81.36 


92.04 


450 


81.58 


88.19 


78.5 


88.9 


71.91 


87.01 


400 


74.11 


81.17 


68 


82.7 


39.88 


70.18 



/ 

/ 



The present examples and embodiments are to be 
considered as illustrative and not restrictive and the 
invention is not to be limited to the details given herein, 
10 but may be modified within the scope and equivalence of 
the appended claims. 
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